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ABSTRACT
The primary purpose of this study was to analyze the 
rice import demand behavior in seven Asian countries 
namely, India, Indonesia, the Republic of Korea, Malaysia, 
the Philippines, Sri Lanka and Bangladesh.
Three rice import demand models were estimated, the 
direct demand model which treats imports as a function of 
border prices and income, the residual import demand model 
where the imports are the excess of consumption over 
domestic production, and the reduced form model which 
incorporates both domestic demand and supply variables.
Import demand functions were estimated by the 
ordinary least squares (OLS) method. Seemingly unrelated 
regression (SUR) was used in the estimation of the 
residual model hypothesizing that government policies 
contemporaneously influence both supply and demand. 
Structural stability tests were performed on all equations 
assuming that a structural break may have occurred in the 
early 1970s. The same standard model specifications were 
used for all countries in order to make inter-country 
comparisons possible.
The data for the analysis were mainly from the Food 
and Agriculture Organization of the United Nations, the 
International Rice Research Institute in the Philippines 
and selected publications of the World Bank.
xiv
The effects of government policy. on rice import 
demand were explicitly incorporated into the models by 
including subsidized input-output price ratios and a 
technology index.
The results indicated evidence of structural changes 
in demand and supply variables for all the countries 
analyzed. Instabilities were pronounced in the supply 
variables such as the input-output price ratio and the 
technology index indicating effects of government policy 
incentives to domestic production. Further, structural 
changes were observed in income, wheat prices and foreign 
exchange reserves.
Out of the three models the reduced form model 
performed best in terms of forecasting efficiency. The 
residual import demand model estimates were the least 
efficient; however in this model SUR estimates were only 
marginally better than the OLS estimates.
As Asian rice importers reach near self-sufficiency 
a shift away from input-output subsidies was noticeable 
but technology incentives continued unabated inducing 
shifts in the supply curve.
xv
CHAPTER ONE
INTRODUCTION
Rice is the staple food for more than two billion 
people. Developing countries in Monsoon Asia extending 
from Pakistan to Korea produce and consume more than 90 
percent of the world's rice supply. As the rice sector 
employs a predominant part of agricultural resources, its 
growth and development is closely linked to the overall 
economic performance of these nations. Though there are 
noticeable differences from one country to another, the 
Asian rice sector, as a whole, experienced similar 
patterns of development in the past three decades.
For most Asian rice economies, self-sufficiency in 
rice is a major food policy goal. Increase in domestic 
food production is not only viewed as an economic 
necessity to feed the growing populations but also as a 
political imperative for social stability. In addition, 
increased productivity in the rice sector is perceived as 
stimulating rural employment and incomes, improving 
nutritional status of low income groups and allowing 
substitution of food imports for domestic rice.
Government rice policies can broadly be categorized 
under two areas. First are policies which result in
1
structural changes in the rice sector such as public 
investments in irrigation and flood control, rural infra­
structure improvements, and organization of agricultural 
research and extension. The major objective of these 
policies is to shift the aggregate supply curve to the 
right by encouraging the adoption of yield increasing 
seed - f e r t i l i z e r  technology. Policy makers are
particularly partial to this policy as it acts as a 
producer incentive without an increase in market prices. 
The second category includes sector specific pricing and 
tax policies and rice import policies which basically move 
domestic production along the supply curve. Primarily as 
a result of these policy incentives, Asian rice production 
rapidly expanded in the last three decades, enabling many 
countries to reduce imports and in some cases to become 
net rice exporters.
Modeling rice import demand behavior in Asian 
countries is beset with problems especially because of the 
complexity of forces that interact in influencing import 
decisions. As imports are essentially the excess of 
c o n s u m p t i o n  o v e r  p r o d u c t i o n ,  d ifferent model 
specifications including both demand and supply variables 
need to be included in these models. As major economic 
variables such as per capita income, population, commodity 
prices, tastes and technology are subject to significant 
variations over time these dynamic relationships also have
to be incorporated. Further, as government controls are 
pervasive in the rice sector, import decisions are largely 
an outcome of public policy. Therefore econometric models 
of rice import demand must necessarily incorporate these, 
largely intractable, government decision variables in the 
estimation process.
OBJECTIVES
The general objective of this study is to estimate 
the import demand for rice in selected Asian countries, 
taking into account the changes in domestic supply and 
demand, international market factors and the public food 
policy environment within which import decisions are made. 
Specific objectives are:
(1) To estimate rice import demands for seven Asian 
countries under three model specifications 
incorporating domestic and international market 
factors.
(2) To identify evidence of structural change in 
domestic economic variables and to examine how 
these instabilities influenced demand for imports.
(3) To analyze selected national food policy 
scenarios and to evaluate interactions of these 
policy decisions with rice import demand.
JUSTIFICATION
Many conceptual and methodological problems remain 
unresolved in empirical estimation of import demand. A
recent study identified (USDA,1982,p.7) three major areas 
for investigation in order to broaden the perspectives on 
grain import demand in developing countries. These 
include more disaggregated studies at the microlevel, a 
better understanding of macroeconomic theories and the 
linkages between micro and macroeconomic sectors, and 
detailed analyses of the political economy framework 
which underlie food import decisions.
Since the above economic relationships are complex 
and interdependent many empirical studies need to be 
undertaken, as a search process, in order to establish and 
confirm plausible general conclusions. These studies may 
cover specific commodities, different regions, and various 
economic systems or countries with diverse food policies. 
Further, to experiment with various methodological 
approaches and different model specifications may be 
useful.
Empirical estimates of Asian rice imports, 
particularly for the last two decades, is expected to 
contribute additional knowledge about some of these 
economic relationships. Firstly this is because of the 
availability of more reliable data for the period. 
Secondly, import prices, quantities and other variables in 
the international rice market have moved sufficiently in 
the 1970's providing a regression surface capable of 
being estimated. Consecutive rice crop failures in the
early 1970's brought down national buffer stocks to 
critically low levels setting in a spiral of panic 
purchases and price increases in the world rice market. 
Dramatic price increases by oil exporting countries 
adversely affected the already low foreign exchange 
reserves available for rice imports. Further, changes in 
the international economy such as increased world trade, 
well integrated capital markets, the shift to flexible 
exchange rate system in 1973, and greater international 
monetary instability were increasingly affecting the shape 
of domestic agricultural policies(Schuh,1986,p.83). Asian 
rice markets were necessarily influenced by these events.
During the last two decades structural changes in 
the Asian rice sector may have occurred. Supply steadily 
increased mainly through gains in yields. The share of 
purchased inputs as well as the marketed surplus as a 
share of agricultural output rose, increasing the exposure 
of rice production to terms of trade and market forces. 
Increases in per capita incomes, population growth and 
urbanization influenced changes in the demand for rice. 
The Asian share of world rice imports decreased during the 
last two decades but wheat imports increased indicating a 
shift in tastes and preferences particularly by urban 
populations. As a result the relative share of wheat in 
the diet increased. This trend may have been further 
encouraged by relatively cheaper wheat prices in the world
market compared to rice during the period.
In response to this increasingly unstable 
socioeconomic environment, governments in Asia developed 
diverse food policy alternatives as mechanisms to 
intervene in the market. National food policies primarily 
revolved around rice sectoral policies because of its 
importance in the economy. From a sociopolitical 
viewpoint, rice policy debates virtually involved the 
entire nation. Small scale farmers typically account for 
more than half the population in these countries while 
wage earners in the urban sector represent important 
consumer interests in rice. As expenditure on rice 
constitutes a substantial portion of the consumer budget 
any change in consumer prices is a sensitive political 
issue. Rice is treated as a wage good by vocal organized 
labor unions. These groups demand that any price 
increases must necessarily be followed by parallel wage 
increases. From the policymaker's perspective it is a 
difficult task to balance these interest groups and evolve 
a successful food policy. The main problem for the 
economic modelers is how to incorporate these specialized 
commodity market behaviors into general econometric 
models.
CHAPTER TWO
THEORETICAL FRAMEWORK AND METHODOLOGY
The primary purpose of this chapter is to review the 
theoretical framework that underlies import demand 
functions and to outline the methodology adopted to 
estimate import demands in the present study. The section 
on theoretical framework includes: a brief analysis of
international and domestic market models within which 
imports is an integral part; import demand model 
specifications under free trade conditions; and deviations 
from free trade conditions actually observed in the 
international grain trade. Selected literature is 
reviewed in section two. Section three explains the 
methodology of import demand estimation utilized in this 
study.
Theoretical Framework
Imports of a country can be perceived as a link 
between the domestic market and the international market. 
Import demand behavior of a country is influenced by 
demand pressures from the domestic sector and the supply
7
conditions in the world market.
International Commodity Trade Models
In the international market the demand side for a 
commodity is represented by importing nations and the 
supply side by the exporting nations. These basic 
relationships, for a homogeneous commodity, can be shown 
as a system of export and import equations(Table 2.1).
Table 2.1. Trade Flow Matrix
Exporters
1
—  Importers ----
2 ....... n
Total
exports
Export
prices
1 Til Tig . . . .  Tin *1 Plx2 *21 t22 * *■* T2n x2 p2x
• • * 4 » • *
• • » * • • •
m
Total
Imports
Import
Prices
Tml
Ml
PlM
Tm2 *•*• Tmn 
M2 --- Mn
p M p M *2 • • ••
xm
SM = EX
P x *m
In this model, there are m exporting countries and n 
importing countries. T^j represents the quantity
exported by the i*-*1 country to the j*-*1 importing country. 
As the international market for a commodity forms a closed 
system, the following three export-import quantity 
relationships are satisfied in the model.
•^This section draws from Thompson and Abbot, New 
Directions in Econometric Modeling and Forecasting in U.S. 
Agriculture. ed., Gordon C. Rausser, North-Hoiland, 1982.
9(2-1) i 1 ......
(2.2) ^ii = l = l,......,m,
1=1 J
m n
(2.3) .S X-: =.S Mi 
j=l 3 i=l ■L
Equation (2.1) specifies that the total imports to 
country j must equal shipments by various exporters to it,
and (2.2) states that the total exports of country i must
equal the total imports made by other countries from it. 
The global market clearing condition is specified in (2.3) 
where the total world imports equal total exports.
Under free trade conditions import and export 
commodity price relationships in the world market can be 
expressed as
(2.4) Pix + tij = Pjm
where t^j is the transport cost from i to j . If 
transport costs are ignored for the moment, this equation 
assumes existence of a one world price or a common border 
price. Therefore export supply and import demand can be 
specified as a function of world prices.
(2.5) X± = f(Pix ), i = 1,....... ,m
and
(2.6) Mj = g(Pjm ) , j = 1,....... ,n
In empirical studies it is difficult to discern one
specific world price owing to many conceptual problems 
entailed such as time, place and quality of many 
differentiated products in the market. Nevertheless the 
concept in itself remains a powerful theoretical tool in 
international trade analysis. In practical terms the 
border price represents a country's short run opportunity 
costs with respect to changed production or consumption of 
the commodity (Timmer,1986,p.13). It provides a broad 
benchmark to plan trade strategies, to evaluate the costs 
of trade protection and acts as a measure of economic 
efficiency in domestic production.
If trade restrictions are imposed completely 
insulating the domestic market from world prices, the 
supply and demand functions in these countries will have 
no relationship with world prices. This means;
(2.7) f'fPi*) = 0 or g'(Pjm ) = 0.
In general, domestic commodity markets operate 
between the two extremes of full integration and complete 
insulation from the world markets.
Domestic Commodity Market Models
The interdependence among commodity demand, supply, 
inventories and prices in a domestic market is shown in 
figure 2.1. The demand for a commodity depends on its 
price as well as other external influences such as per 
capita income and export demand. The end use demand for a
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raw material may depend on the level of economic activity
or the level of technology. Similarly, supply is
responsive to commodity price, crop yields, technology,
level of imports and weather conditions. As inventories
may be held for precautionary, speculative and
transactions purposes it is influenced both by demand and
supply. The effect of inventories on market price depends
on the elasticies of supply and demand for the commodity.
Selected Import Demand Model Specifications
The import demand for a commodity can either be
specified as a function of import price and income, just
like any other simple demand equation, or can be derived
as the excess of demand over domestic production. The
first specification is based on the theoretical
proposition that imports and domestic goods are not
perfect substitutes whereas in the second model they are
treated as perfectly substitutable. An important
difference is that in the former case domestic supply will
influence imports only indirectly through the impact of
domestic prices, while in the latter case domestic
supplies will directly substitute for imports.
Another basic difference in these two model types is
distinguished by Learner and Stern:
  suppose that the international supply of the good
in question is infinitely elastic at the given price and 
the domestic investment increases the capacity of 
import-competing industries. In our first situation 
domestic prices will fall and imports will be reduced. 
In the second situation, the domestic and import prices
must be the same as long as some of both goods is being 
sold(p.11).
When imports are treated as perfect substitutes, 
price elasticities between the two goods have to be 
infinitely elastic. In that case the lower priced good, 
either imported or domestically produced, should 
completely dominate the market in the long run. However 
small changes in relative prices do not appear to cause 
large movements toward complete domination by imports or 
by domestic goods in the market. To eliminate this 
theoretical problem, an imperf ect-substitution view 
between domestic and import goods is assumed in empirical 
studies. That is, imports and domestic production are 
taken to be sufficiently nonsubstitutable to generate 
finite price elasticities (Magee,p.178).
A typical commodity import demand equation 
incorporating price and income variables may be specified 
as:
(2.8) = ff^mi' pms r 0^
where is the quantity of the good imported; Pm i is the 
import price of the good; Pms is the import price of 
substitutes; and Y is the real income, expenditure or some 
other activity variable in the importing country. In this 
specification, since all prices are given in terms of 
foreign prices, aggregate import demand of the country is 
analogous to the utility maximizing choice of a consumer
facing world market prices. The signs of partial 
derivatives of (2.8), a priori are: dMi/dPmi <0; dMi/dPms 
>0; and dM^/dY >0. These represent the direct price 
effect, cross price effects and the income effects 
respectively. One implicit assumption for the above
relationships to prevail is the existence of free trade 
conditions in the market. If government import policy 
objectives intervene in the market these relationships may 
not hold. For example, government policies to maintain 
domestic price stability or buffer stocks may result in 
positive price quantity relationships in empirical models. 
Similarly, as close substitutes generally exhibit 
significant positive price correlations in the world 
market the relationship of price of substitutes may also 
be less clearcut.
Import demand can also be specified by including
domestic demand, supply and changes in inventory 
relationships. This model can be represented by the 
following set of equations:
(2.9) Qdi = g(Pj_/ Psi, Yi)
(2.10) Qsi = f(Pi, LPi, Pci, LPci, Xi)
(2.11) SA = h(Pif LPif LSi, Z±)
(2.12) M ± = Qdi - Qsi 4- Si
Substituting (2.9), (2.10) and (2.11) in (2.12)imports (or
exports if Mi is negative) can be expressed as the 
residual of demand over supply:
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(2.13) M ± = g(Pi, Psi, Yi) - f(Pi, LP±, Pci/ LPci/ X±)
+ h(Pif LPif LSi, Zi)
where;
Q^i is the total domestic use of the commodity; Pi 
is the domestic price of the commodity; Psi are the prices 
of substitutes in consumption; Yi are other shifters of 
demand schedule such as population, income tastes and 
preferences; Qsi is the quantity of the commodity 
produced; LP-^  are the lagged prices of the commodity; Pci 
are producer prices of competing crops; LPci are lagged 
prices of competing crops; Xi are the shifters of supply 
schedule such as technology and rainfall; Si is the net 
change in stocks; LSi are the lagged changes in stocks; 
and Zi are other shifters of stock demand.
Note that exclusion of import prices at the border 
or any tariffs in (2.13) imply: that the imports and
domestic products are perfectly substitutable; free trade 
conditions exist in the commodity market fully integrating 
the domestic market with the world market; and that the 
units of key currency (e.g., U.S. dollars or British 
pounds) are convertible to local currency at a 
predetermined exchange rate.
In time series analysis changes in the population 
structure, tastes and income distribution which are demand 
shifters (Yj^ ) can significantly affect estimation of 
aggregate import demand. The general expectation is for
imports to increase with income. But theoretically, the 
relationship between real income growth and imports need 
not necessarily be positive. As import demand is the 
excess consumption over domestic production, the 
variations in the latter can dominate the variations in 
the former leading to negative income elasticities 
(Magee,p.188). In fact, the importable could even be 
superior in consumption, yet the true income elasticity 
for that import can be negative.
The lag prices (LP-jJ in the supply equation (2.10) 
incorporate the dynamic environment in which agricultural 
production decisions are made. Prices of competing crops, 
current and lagged(Pci and LPcjJ , include the resource 
allocation decisions of profit maximizing farm firms. In 
addition to technology, supply shifters (X-jJ include 
factors such as commercialization of subsistence farming, 
changing farmer's attitudes to risk and uncertainty and 
increasing availability of market information. Thus, this 
model essentially follows a microeconomic approach in 
import demand estimation.
Imports can also be specified including all the 
variables in(2.13) in the form of a reduced form model:
(2.14) — f(p£, Pgi, Yi, LPj_, Pci , i^ci' ^i* -^l®i/ *^i)
In this model imports are specified as a function of 
all predetermined variables. Such a model may be 
particularly useful for policy analysis.
Price elasticity of import demand can also be 
expressed in terms of elasticities of domestic supply and 
demand with respect to price.
Let the domestic demand and supply for a given level 
of income be Qdi = fi(Pi) and Qs^ = f2 (Pi) respectively. 
Then the imports(M^) can be defined as(stocks are assumed 
to be constant for convenience in analysis):
(2.15) Mi = Qdi - Qsi = fi(Pi) - f2 (Pi)
and the price elasticity of demand for imports(e^p) will 
be;
(2.16) emp=dMi/dPi . Pi/Mi=(df1/dPi~df2/dPi) . Pi/Mi 
This also can be expressed as
(2.17) emp = (Qdi/Mi * edp) ~ (Qsi/^i • esp)
where edp and esp are domestic demand and supply 
elasticities with respect to price and Qdi/Mi and Qsi/Mi 
are the weights applied to domestic demand and supply. As 
Qdi = Qsi + Mi' price elasticity of imports can be 
expressed as
(2.18) emp = Qdi/Mi (edp “ esp) + esp*
If domestic supply elasticity exceeds zero, then the 
estimated elasticity of imports with respect to price will 
exceed the domestic demand elasticity. Further (2.18) 
indicates that instabilities in import elasticity can be 
caused by: secular changes in supply elasticities; demand 
elasticities; or by secular changes in the proportion of 
domestic demand and supply with respect to imports.
Effects of a Tariff on Import Demand
For agricultural commodities free trade is more the 
exception than the rule. Many countries closely control 
agricultural imports by imposing tariff barriers. When 
tariffs are effective price linkage between imports and 
internal prices may be defined as:
(2.19) P± = Pm . E (1+Vi) + T±
where? E is the exchange rate; Vi is an advalorem tariff 
and Ti is a fixed tariff.
Policy makers often prefer to use nontariff barriers 
in the form of import quantity quotas as it is an easier 
device to plan and control. If nontariff barriers
completely insulate the domestic market from world prices 
imports can be some exogenous constant (K) which is
determined by government policy.
(2.20) Mi = K
This means, in terms of price adjustments, importing
countries isolate domestic producers and consumers from 
the impact of world prices. A fixed price policy of this 
nature leads to zero price transmission elasticity of
domestic price(£pj./pW ) with respect to world prices, which 
can be expressed as:
(2.21) epi/pw = 3Pi/dPw ■ pw/pi = 0
Conversely, under free trade conditions perfect 
transmission elasticity equal to one can be expected.
Effects of an import tariff on world prices is 
illustrated for a two-country model in fig. 2.2(a) and 
2.2(b). Price linkages between exports and imports and 
the price formation in the world market under free trade 
conditions are shown in fig. 2.2(a) for a homogeneous 
commodity. The national supply and demand functions SA , 
Da ; and sB , DB ; leads to equilibrium prices PA , PB in 
countries A and B before trade. As the price in country A 
is less than in country B both countries stand to gain by 
trade. The excess supply (Es) of country A is exported 
and meets the excess demand(Ed) or imports of country B. 
The interactions of excess supply and excess demand 
functions set the world market price(Pw). Under these 
conditions total imports equal total exports(Q2 - Q1 = Q5- 
Q4 = Q3) and the domestic prices are fully integrated with 
the world prices.
The impact of a per unit import tariff(t) by country 
B leads price linkage relationships and trade volumes to 
change (fig. 2.2(b)). As a result the volume of world 
trade decreases from Q to Q 1 and the world price declines 
from Pw to Pw’. Further, a price wedge equal to t is 
created between the import price in country B and the 
world price. In this model, exporting country B is able 
to extract a rent equal to Pw-Pw' from importing country 
A, by imposing a tariff. From the national standpoint of 
country B, an import tariff constitutes a consumer tax and
-a producer subsidy(Pw-PB*). Imposition of a tariff by 
importers or exporters shifts the excess demand or the 
supply curve, but fixed consumer and producer prices in 
the domestic markets change the slope of excess demand and 
supply functions with respect to world prices. Thus fixed 
domestic price policies increase the price variance in the 
world market contributing to international market 
instability.
Effects of Currency Inconvertibility on Import Demand
Currency inconvertibility and foreign exchange 
shortages, often, constrain grain imports. Implications 
of a hard currency constraint on rice imports response as 
analyzed under the general equilibrium framework is shown 
in fig. 2.3(a) and 2.3(b). With no hard currency 
constraint import response is analogous to free trade 
conditions(fig. 2.3(a)). P P 1 is the production
possibility curve of the importing country and AC is the 
initial terms of trade with respect to rice. At this price 
ratio the domestic production of rice is at B and the 
total demand is OZ; OY is produced locally and YZ is 
imported. With an increase in world rice prices terms of 
trade pivots to GE, increasing the domestic production to 
OW and imports to WX. Imports decline, firstly, because 
transmission of the world price increase acts as an 
incentive to expand local production leading to import 
substitution(YW) and secondly, increased price leads to a
decrease in domestic demand (XZ). The decrease in demand 
due to price can again be decomposed into a substitution 
effect(VZ) and an income effect(XV) in terms of
international purchasing power(hard currency effect).
In markets with hard currency constraints foreign 
exchange quotas are period i c a l l y  allocated for 
imports(fig. 2.3(b)). In this case utility curves, U1 and
U2, are rectangular indicating nonsubstitutability of
import purchases with domestic goods. With an increase in 
the world price of rice, terms of trade rotates from PTT 
to PTT', but as domestic markets are insulated from the 
world price (zero price transmission) domestic production 
remains fixed at P. Only the hard currency effect is
evident decreasing imports from MQ to MN.
Effects of foreign exchange quotas on import demand 
behavior is analyzed under partial equilibrium framework 
in fig.2.4. The price axis in this diagram is in terms of 
local currency (hard currency times the official exchange 
rate). Fig. 2.4(a) indicates domestic market equilibrium 
and the relationship of domestic price(Pd) to world 
price(Pw). If there were no hard currency constraints, 
imports to this country would be represented by 
Ed(fig.2.4(b)). The rectangular hyperbola F, represents 
the quantity of rice imports possible with the allocated 
exchange quota. From A to B imports are constrained. But 
even with a fixed foreign exchange quota import quantities
can vary with a change in world prices (Pw to Pw'). 
Another alternative is to adjust exchange quotas leading 
to shifts in F.
An analysis of national food policy scenarios 
involves two major areas. First, is the investigation of 
political economy framework for policy formation. There 
are socioeconomic and political forces that influence the 
fashioning of national food policy objectives. Second, 
are the mechanisms by which decision makers achieve these 
objectives. . Various policy instruments used by 
governments to achieve food policy goals are constrained 
by economic and political relationships. The national 
food policy scene can be broadly analyzed within this 
interrelated framework of objectives, policy instruments 
and constraints.
Asian rice economies use national rice policies to 
achieve a multiplicity of objectives. Although weighage 
given to each objective may vary according to individual 
country needs policy scenarios across countries are 
remarkably similar. Widely known rice policy objectives 
are: income support to rice farmers; consumer welfare;
conservation of foreign exchange; achieving self 
sufficiency in rice; price stability; rural development; 
equity considerations; and provision of adequate nutrition 
to the people.
Basic policy choices resorted to in order to reach
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these goals are: farm production programs; investments in 
marketing; price controls; concessional imports, often in 
the form of overvalued currencies; or import controls. 
Constraints to policy implementation can either be
technical, economic or political. Production technology 
and domestic supply parameters, consumption structure, 
i n t e r n a t i o n a l  m a r k e t  c o n s t r a i n t s ,  g o v e r n m e n t  
administrative capacity, government budget constraints and 
the political will to implement rational policies are some 
of them. Depending on the package of policy choices 
national rice policies can be characterized either as 
consumer or producer biased.
Review of Selected Studies
Research literature pertinent to this study is
discussed under three main areas: studies on methodology 
and econometric specifications of total import demand;
analyses of international rice market behavior and rice 
import demand estimation; and, studies which attempt to 
incorporate government policy into export import trade 
models.
Orcutt, in a seminal study listed the errors and
downward bias associated with least squares estimation of 
price elasticities in international trade. Sources of 
error enumerated were: downward bias in price elasticity 
associated with simultaneity of supply and demand 
schedules; random observation errors in the price indices;
errors in aggregation; short run elasticities are likely 
to be smaller than that of the long run elasticities; and 
that elasticities are larger for large price changes than 
for small price changes.
Magee reviewed relationships among prices, incomes 
and foreign trade in international trade models. Further, 
he examined different specifications of import demand and 
their theoretical limitations. Situations under which 
income elasticity of demand for imports can be either 
negative or unstable is analyzed using domestic demand and 
supply variables. Magee provides a counter list to 
Orcutt, explaining conditions under which empirically 
estimated price elasticities may be too high or 
overstated. Some of these are nonprice rationing where 
movements caused by prices and queues are attributed to 
price variable alone; upward bias associated with the 
negative correlations between substitution elasticities 
and price changes; understated true length of price 
effects; and the psychological effect of Orcutt1s findings 
on researchers(Orcuttization).
Using ordinary least squares(OLS) methods Houthakker 
and Magee estimated demand elasticities in world trade 
with respect to income for fifteen developed countries. 
They used double logarithmic equations on annual data 
observing that this functional form provides a superior 
fit and allows for direct interpretation of elasticities.
In this study, standard models were used for all countries 
so that the results are comparable across nations.
Ball and Mavwah estimated import demand equations 
for the U.S. using quarterly time series data. Although 
values of independent variables were lagged by one 
quarter, a' priori, it was found that the estimates were 
not highly sensitive to the lag structure. They concluded 
that time series analysis can provide reasonable estimates 
of U.S. import demand.
Learner and Stern analyzed theoretical and empirical 
problems associated with time-series estimation of import 
and export demand relationships. Major conclusions of 
this study were that least squares methods with proper 
functional form and response lags may provide meaningful 
measures of income, relative price and other influences on 
the import demand of a country. Further it suggests that 
all research experimentation be reported even if' they do 
not conform to accepted theory and that the statistical 
evidence be summarized in the form of confidence 
intervals.
Desai estimated projected grain imports to the 
Soviet Union for the period 1980-85 using three methods. 
In the first two methods demand and supply characteristics 
were used to estimate imports as the residual by taking 
the difference between grain production and grain use. 
Grain production estimates were derived by linear
projections of past production trends and from production 
function relationships on an assumed level of input use. 
The third method was to predict grain imports using 
regression estimates of import demand functions.
Thompson examined and evaluated recent developments 
in the U.S. on agricultural trade models and concluded 
that the most common deficiency found in these studies was 
their generally weak empirical content. He attributed 
this to data deficiencies, specification errors and choice 
of inappropriate estimators in developing trade models. 
Agricultural import demand in low income, middle income 
and centrally planned countries and macroeconomic linkages 
to agricultural trade were the subject of two consortia 
organized by the U.S. Department of Agriculture(USDA, 
June,1981; and USDA, Aug. 1982). These discussions 
emphasize the importance of including the political 
economy framework in policy formation and the 
macroeconomic and monetary linkages to agricultural trade.
Capel and Rigaux estimated import demands of major 
Canadian wheat importers under three model specifications: 
(1) Qt = f(Pt, St-1, T) , the direct model; (2) ql/q2 = 
f [(pl/p2)t , T], the substitution model; and (3) (ql/Q)t = 
ftfpt/pOJt, T], the market share model. In the direct 
model Qt is the total wheat imports by the importing 
country, Pt is average imported price of wheat, St-1 are 
lagged stocks; and T is a trend variable. This direct
model is not very useful for individual country export 
pricing decisions as it is related to the total aggregate 
import demand and the average prices. In the substitution 
model, ql is Canadian wheat imports by a country; q2 is 
wheat imports from Canadian competitors; pi is the 
imported price of Canadian wheat; and p2 is the price of 
other competitors. This model is useful in estimating the 
elasticity of substitution between the Canadian product 
and that of major competitors. Market share model is a 
variant of the substitution model where po denotes the 
price of all other competitors. The authors suggest that 
the price elasticities may be biased towards zero in the 
direct model as demand and price in the world market are 
likely to be positively correlated. Further, in the 
substitution model the quality ratio and the price ratio 
may be positively correlated.
Arnade and Davison estimated import demand for U.S. 
wheat in eleven countries using seemingly unrelated 
regressions(SUR) , generalized least squares(GLS) and 
ordinary least squares(OLS). They found that SUR (OLS) 
estimators were not significantly different from the three 
(two) stage least estimators.
Arize and Afifi examined evidence of structural 
changes in the demand for imports in developing countries. 
The period of study was divided into two equal parts and 
the temporal stability of the functional relationship was
tested by means of a binary test which indicates whether 
the two regressions are significantly different from each 
other. Results indicated instability in the functional 
relationships of twenty countries leading to the
conclusion that price and income elasticities for imports 
significantly changed over time.
Thursby and Thursby tested the reliability of single 
equation specifications of import demand by a procedure 
combining tests for first order autocorrelation(FOAR) and 
regression specification error tests (RESET) . This
procedure indicated that significant autocorrelation 
statistics in import demand equations are largely due to 
misspecification of models.
Canterbery and Bickel developed a world rice trade 
model taking into account the effects of high yielding 
varieties on rice production, consumption and price. The 
authors hypothesized that due to difficulties in shifting 
resources to alternative uses, particularly in the
developing economies, there will be downward rigidity in 
the output response to a decline in price. They assumed 
that output response to a decrease in price will only be 
half of the response to an increase in price.
Adams and Behrman divided the world rice market into 
developed, developing and centrally planned economies 
staving that the fundamental differences in economic 
behavior warrant separate estimates. A distributed lag
model was used to derive demand and supply responses and 
price determination. Results indicated that while the 
developed countries were price responsive, price and 
income elasticities as well as long run elasticity of 
supply for developing and centrally planned countries 
remained close to zero. Elasticities of rice consumption 
with respect to domestic production were found to be close 
to one indicating that increases in domestic production is 
an important determinant for increased consumption.
. Falcon and Monke developed a market surplus model of 
international rice trade in which trade participation by 
eleven countries explained over 80 percent of the 
variation in world prices. Trade in rice in the U.S. and 
China were responsive to price but trade variability of 
the other nine participants was related to shifts in their 
domestic production.
Petzel and Monke examined the degree of integration 
in the world rice market from three directions: price
linkages among geographically dispersed markets; 
correlations of rice prices among major importers and 
exporters across time; and the price relations in a 
hedonic model. A hedonic rice model attempts to account 
for price differences arising from varietal and quality 
differences. They identified a well integrated world rice 
market with linkages in space, time and quality.
Siamwalla and Haykin disaggregated the rice
consumption growth function in fourteen Asian countries to 
identify the population, income and price effects. 
Population growth was found to be the major contributor to 
increased consumption. An econometric model for short run 
market conduct was developed assigning rice trading 
countries into two groups as price takers and major 
participants in the international market. It concluded 
that the role of price in clearing the world market is 
somewhat limited, indicating the importance of other 
variables such as domestic production, government 
policies, population and income growth on rice import 
demand.
The effect of the rice fertilizer price ratio on 
Asian rice supply responses and fertilizer use was 
analyzed by Timmer and Falcon. Results indicated that an 
increase in this price ratio by 0.1 leads to an increase 
in the use of fertilizer by 55 kg per hectare. Fertilizer 
application was positively related to production varying 
from 0.251 to 0.123 under different model specifications. 
The supply response to this price ratio was used to 
estimate the regional potential for rice production. 
Further the Indonesian rice sector is analyzed under a 
political economy framework in this paper. Political 
economy frameworks, in which food import decisions are 
made, are further examined by Abbot, 1979a; Bale and Lutz; 
and Zwart and Meilk.
Islam examined the hypothesis that government 
intervention in rice imports is motivated by a desire to 
conserve foreign exchange. Rice import demand equations 
were developed for six Asian countries with foreign 
exchange reserves, price, income and domestic production 
as independent variables. Elasticities of rice imports 
with respect to foreign exchange reserves were positive 
and greater than unity for commercially transacted imports 
in all countries which faced exchange shortages. He 
concluded that rice import demands in these countries are 
likely to increase by growth in capacity to import through 
increased export earnings and by increased per capita 
income associated with improved terms of trade.
Sarris and Freebairn(1984) developed a model to 
assess the probable effects of changes in national rice 
policies on world rice prices. Government rice policies 
are treated as a welfare optimization problem which 
includes producer and consumer surpluses, government 
payments, and variability in domestic producer and 
consumer prices. The observed current levels of domestic 
prices and variabilities were used to derive the implicit 
weights for each of the above welfare considerations. 
World trade is modeled in a Cournot equilibrium type model 
implying that in designing domestic policies trading 
countries do not consciously take into account the price 
policies of other countries. If all countries liberalized
trade average rice price would decrease by 16.3 percent 
and the standard deviation would decline by 61 percent. 
Kim also estimated corn import demand for Mexico as a 
welfare optimizing problem.
Bautista examined the food import demand behavior of 
a small country with trade restrictions. He hypothesized 
that the quantity of imports allowed by the government 
depends on foreign currency prices, price of the imported 
commodity in terms of local currency and the price of 
domestic substitutes. Several other import demand studies 
have developed approaches to endogenize the role of 
government policy and quantify these interventionist 
policies arguing that the most reasonable approach is to 
treat these instabilities and imperfections explicitly in 
both the market and the political economy environment 
(Lattimore and Schuh; Sarris and Freebairn(1983) ; 
Abbot(1979a and 1979b).
Khan examined whether observed data on imports and 
exports are better explained by an equilibrium or 
disequilibrium model for developing countries. As results 
indicated that prices play an important part in the 
determination of trade volumes and these adjustments take 
place within a year he concluded that the use of a static 
equilibrium model is justified when annual data are used.
Jones et al examined the conceptual issues involved 
in agricultural commodity import decisions in centrally
planned economies taking into account the currency 
inconvertibility and allocation of exchange quotas for 
imports. In this analysis market equilibrium framework is 
modified to allow for disequilibrium and rationing of 
commodities to be explicitly included in the model. The 
influence of domestic policies on world agricultural trade 
and price stability is further examined by Johnson; Bale 
and Lutz; Peterson; Shei and Thompson; Grennes, Johnson 
and Thursby.
Methodology 
Basic Model Specifications
Seven countries in Asia were included in the study. 
These countries: India, Indonesia, The Republic of Korea, 
Malaysia, The Philippines, and Bangladesh were major 
importers of rice in Asia in the last two decades. Rice 
import demand was specified under three basic model 
specifications in this study: the direct import demand
model; the residual import demand model; and the reduced 
form import demand model.
The Direct Import Demand Model
In this model(2.22) imports were specified as a 
function of typical demand variables treating rice like 
any other good in the consumer demand function. If there 
is no domestic production of the good, import demand is 
the aggregate market demand for that good in the country.
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(2-22) IMP = f(PM, IR, EXC, PW)
where IMP is annual net rice imports in 1000 metric tons,
PM is cif value of rice imports in U.S. dollars/ton, IR is 
real GNP in 1980 price in millions or billions of local
currency(see appendix I, for variable specifications), EXC
is foreign exchange reserves in millions of U.S. dollars 
and PW is cif price of wheat flour imports in U.S. 
dollars/metric ton. U.S. dollars were not deflated.
A priori, PM is inversely related to IMP and IR: EXC 
and PW are expected to be positively related. Increases 
in real income (IR) are expected to augment imports 
provided other factors, particularly domestic production, 
are fixed. However since currencies in these countries 
are generally inconvertible, an increase in IR cannot be 
directly translated into import purchases. Therefore, IR 
can be thought of as a variable generating demand 
pressures in the domestic market and EXC as an import 
capacity variable.
The Residual Import Demand Model
Import demand for rice is hypothesized to be the 
difference, or the residual, between domestic demand and 
domestic production in this model.
(2.23) QD = f(RPC, IR, POP) Domestic Demand
(2.24) QSM = g(QSML, V, TC) Domestic Supply
(2.25) IMP —  Q D  -  QSM Import Demand
By substituting (2.23) and (2.24) in (2.25) quantity of 
imports is derived as:
(2.26) IMP = f(RPC, IR, POP) - g(QSML, V, TC)
where; QD is the quantity demanded or total annual rice 
consumption in 1000 metric tons (QD=QSM+IMP+change in 
stocks) ; RPC is domestic real retail price of rice in 
local currency/metric ton; POP is population in millions; 
QSM is domestic production of paddy in 1000 metric tons of 
rice equivalents; QSML is QSM lagged one year; V is the 
price ratio of the farm gate price of paddy and the price 
of nitrogen from urea in local currency; and TC is the 
percentage of irrigated rice acreage times total amount of 
fertiliser annually used in the country.
In this model, domestic demand and supply was 
separately estimated first, and then imports were derived 
simply by subtracting the domestic supply equation from 
the demand equation.
The Reduced Form Import Demand Model
The reduced form model includes all the variables 
included in the residual model, but imports are specified 
as a function of these variables in one equation. This 
model is similar to a reduced form model as imports are 
estimated as a function of all predetermined variables.
(2.27) IMP = f(RPC, IR, POP, QSML, V, TC)
In the supply equation, V is an output input price 
ratio. In the Asian rice economies farmgate prices of
rice are closely related to the government guaranteed 
prices and fertilizer prices are either subsidized or 
closely controlled. This price ratio(V), represents 
farmers' response to higher returns. It may also 
represent government policy priorities for substitution of 
rice imports since the price ratio is strongly influenced 
by public policy. As increases in this price ratio 
encourage production, V is expected to be positively 
related to production and negatively related to imports.
In addition to the above, the rice fertilizer price 
ratio emphasizes one of the major macroeconomic policies 
followed by rice producing Asian countries. Stimulating 
agricultural growth via price incentives sharply increases 
the nominal income of medium and large farm enterprises 
with no tangible benefits to the greater number of 
subsistence farmers. Further it leads to inflation, 
lowers the real income of net buyers of food and the 
income distribution is made more regressive(see Janvry and 
Subbarao). Therefore these governments largely tend to 
follow a structuralist policy of shifting the supply curve 
through technical change and subsidizing inputs rather 
than increasing output prices and moving along the supply 
curve.
Three different price series are used in these 
models. In the direct demand model, import price(PM) of 
rice is in U.S. dollars. The retail price deflated by the
consumer price index(RPC) is in the domestic demand 
equation and the farmgate paddy price to fertilizer price 
ratio(V) is in the supply equation. Under the assumption 
of free trade there would have been only one price; that 
is the border price. Government intervention leads to 
market segmentation resulting in intricately related 
series of prices, enabling policy makers to use different 
policy tools in different sectors of the rice market.
Lagged production(QSML) is expected to be positively 
correlated with present production, under a partial 
adjustment hypothesis, as factors that influenc supply are 
likely to last more than one time period. The technology 
index(TC) incorporates a series of government incentives 
to rice production. Expansion in irrigation and 
investments in rural infrastructure represents 
government's emphasis in long run development objectives 
and the total amount of fertilizer used in the country 
takes into account the level of agricultural research and 
extension activities and the innovations adopted by 
farmers.
Structural Stability Tests and Model Choice
Structural stability tests were performed on all 
equations using multiplicative dummies for regressors and 
a d d i t i v e  d u m m i e s  for i n t e r c e p t s (see Gujarati;
Jonhston,p.225). Observations were divided into two 
periods, hypothesizing that a break in structural 
relationships may have occurred in 1973. This year was 
chosen because of the wide fluctuations that took place in 
the international economy during this period and in the 
world rice market in particular. All domestic variables 
were tested for structural stability. For example, 
unconstrained models of equations (2.22), (2.23), (2.24)
and (2.27) are as follows:
(2.28) IMP = f( PM, IR, DIR, EXC, DEXC, PW, DPW)
(2.29) QD = f(RPC, DRPC, IR, DIR, POP)
(2.30) QSM = f(QSML, V, DV, TC, DTC)
(2.31) IMP = f(RPC,DRPC,IR,DIR,POP,QSML,V,DV,TC,DTC)
The above four equations are unconstrained models 
of the direct import demand model, domestic demand and 
supply models and the reduced form model respectively. A
dummy variable where D=0 was created for the period prior
to 1973 and D=1 for the period 1973 and after.
Emphasis in this study was to get comparable results 
for a large number of countries rather than getting the 
best possible result for each country. This approach 
required that the models be general and standard, with 
limited alternative specifications. That is, the model 
specifications should be the same for every country, but 
different countries are likely to have varying coefficient 
estimates for the same variable. Specification of models
in this manner may provide a better framework for making 
inter-country comparisons.
The general procedure followed in specifying direct 
demand models was first to specify the constrained 
model(1.1), then the unconstrained model(1.2) and lastly 
the third model(1.3) a nested model of (1.2). Adjusted R2 
criterion was used as the general guiding principle in 
choosing from among nested models(Kmenta). A general 
description of the five direct import demand model 
specifications are as follows:
(1) Model l.i. Imports are specified as a function of 
prices(PM), income(IR), foreign exchange reserves(EXC), 
and the price of wheat flour imports(PW). This is a 
constrained equation, implicitly assuming that the 
functional relationships of the variables remained stable 
over the total period.
(2) Model 1.2. This is the unconstrained version of model 
1.1. Structural dummies are added to all domestic' 
variables; income(DIR), foreign exchange reserves(DEXC), 
and the import price of wheat flour(DPW).
(3) Model 1.3. This is a nested model of 1.2, where 
structural dummies are ommitted if they were found to be 
statistically insignificant in 1.2. ( that is if the t- 
values were less than one according to adjusted R2 
criterion).
(4) Model 1.4. This includes all variables in model 1.3,
and rice imports of the prceding year(LIMP), a lag 
dependent variable. This variable was included to test 
whether dynamic specifications were more efficient in 
explaining import demand behavior.
(5) Model l .5 This is the Houthakker-Magee
specification/ suggested to incorporate dynamic import 
demand behavior. All variables in model 1.4 were
included, but these’ explanatory variables appear as a 
moving average of two periods.
Three domestic demand models were specified in the 
residual model. Model 2.1 is the constrained demand 
equation and specified total demand as a function of 
prices and income. Model 2.2 is the unconstrained demand 
equation which included the same variables as in model 2.1 
and its structural dummies. The difference in model 2.3 
from model 2.2 is that it included population as an 
additional variable. Model 2.4 is the constrained 
equation and model 2.5 is the unconstrained equation. 
With different combinations of these three demand and two 
supply equations, it was possible to specify six import 
demand equations(table 2.2):
(1) Model 2.1 - model 2.4 Both supply and demand 
equations were constrained.
(2) Model 2.1 - model 2.5 Constrained demand but 
unconstrained supply.
(3) Model 2.2 - model 2.4 Unconstrained demand but
constrained supply equation.
(4) Model 2.2 - model 2.5 Both demand and supply 
equations were unconstrained.
(5) Model 2.3 - model 2.4 Demand equation was 
unconstrained but population was added as a variable; the 
supply equation was constrained.
(6) Model 2.3 - model 2.5 Both demand and supply were 
unconstrained; population was added to the demand 
equation.
The six equations in the reduced form equations 
include the same variables as in the residual models. The 
only difference in this case is the reduced form 
specification. This allows for evaluation of the effects 
of different specifications on import demand estimation. 
The relationships between the residual models and the 
reduced form models are shown in table 2.2.
Table 2.2. Different Specifications of Demand and Supply 
in the Residual Import Demand Models and Its Relationship 
to the Reduced Form Models.
Residual Structural Specification Reduced Form
Model Demand Supply Model
2.1-2.4 Constrianed Constrained 3.1
2.1-2.5 Constrained Unconstrained 3.2
2.2-2.4 Unconstra ined Constrained 3.3
2.2-2.5 Unconstra ined Unconstra ined 3.4
2.3*—2.4 Unconstrained Constrained 3.5
2.3*-2.5 Unconstrained Unconstrained 3.6
* Equation 2.3 is an unconstrained demand equation 
with population as an independent variable.
The Estimation Procedure and Evaluative Statistics
Ordinary least squares(OLS) methods were used in the 
estimation of all models. In addition, the demand and 
supply equations in the residual model were estimated as a 
system of equations with seemingly unrelated regression 
(SUR). SUR estimation was applied hypothesizing that the 
disturbance terms are likely to be correlated across 
equations. As government policies are designed to control 
the total rice sector, it is conceivable that its policy 
decisions contemporaneously affect both rice production 
and consumption. For example, in a year of low government 
revenues associated with tight fiscal policies, producer 
and consumer subsidies are likely to be more restrained. 
Lower subsidies can be regarded as a common factor
affecting both equations. In short, these two equations 
are hypothesized to be disturbance related(see Theil, 
1971,p.296). Under these circumstances, more efficient
estimates can be obtained by using SUR(Zellner).
Import demand for all countries were also estimated
as a system of equations by SUR. In this case the
assumption was that the import demands in these countries 
may be subject to similar influences, contemporaneously, 
such as widespread weather variations, large scale price 
or stock changes in a close substitute, or expansionary 
and recessionary tendencies in the world economy.
Adjustments for autocorrelation in the equations
estimated with OLS were made using the Cochrane-Orcutt 
Method. This transformation was made whenever the 
absolute rho value was greater than 0.3, as suggested by 
Rao and Griliches. Adjusted R 2 , Durbin Watson 
statistic(D.W.) and F-statistic were used as evaluative 
statistics for the regressions and t values for 
coefficient estimators. Import price elasticities in
the residual demand model was computed using the formula 
given in equation (2.16). The confidence intervals at the 
90 percent level for income and price elasticities were 
derived by a two step procedure. First, the confidence 
interval for the relevant coefficient was derived as 
b + or - t.05,v * se/n 
where b is the estimated value of the coefficient, t >05 , v 
is the two tailed t value at 90 percent significance level 
with n-l(v) degrees of freedom, se is the standard error 
of the coefficient and n is the number of observations. 
Values derived by this formula were then multiplied by the 
relevant price quantity ratio or the income quantity ratio 
to obtain the confidence levels.
Evaluation of Models for Forecasting Efficiency- 
Quantitative Measures:
A simulation was performed within the sample period 
in order to evaluate the ability of the models to 
replicate the actual data. Three quantitative measures of
forecasting efficiency were used in the evaluation: R2
between actual and predicted, mean absolute error, and the 
Theil inequality coefficient. R 2 is simply the 
coefficient of determination of the regression. Mean 
absolute error(MAE) was derived as
MAE = 1/n J  |Pt " Atl
where n is the number of observations, P-^- is the predicted 
value in time t, and A-t is the actual value in time t.
The Theil inequality coefficient U is defined as
U = [ 2  (Pi - Ai)2]1/2 / [ 2  (A^)2]1/2 
where the P's and A's are defined as changes in predictive 
and actual values respectively. The values of U range 
from zero to infinity. If the model is capable of perfect 
forecasts all values in the numerator will be zero and 
U=0. However, U has no upper bound and takes on a value 
of one (U=l), when the forecasts are no better than naive 
zero-change predictions. If U>1, it is preferable to 
accept zero change extrapolation than the model forecast. 
The numerator of the Theil inequality coefficient is the 
root mean square prediction error(RMSE). Therefore if a 
numerical value of 0.5 is obtained for a model forecast it 
can be interpreted as; the root mean square prediction 
error of the model is 50 percent of the RMSE that would 
have been observed if the forecaster had confined himself
to no change extrapolation.
Evaluation of Models for Forecasting Efficiency- 
Qualitative Measures
A 4x4 contingency table (Table 2.2) was used to 
evaluate the qualitative performance of models(Naik and 
Leuthold). This evaluation was based on the turning point 
criterion and distinguish peak and trough turning 
points(TP) and, upward and downward trend with no turning 
points(NTP). A peak turning point (PTP) at Pt-1 can be 
defined when Pt<Pt-l>Pt-2. Similarly a trough turning 
point (TTP) is at Pt-1 when Pt>Pt-l<Pt-2. If the above 
conditions are not satisfied then there are no turning 
points(NTP). An upward trend with no tuning point(UNTP) or 
a downward trend with no turning point(DNTP) do not 
change the direction of a movement of a variable. 
Accurate forecasts in table 2.3 are the diagonal elements, 
and the worst forecasts are fl2, f21, f34, f43. Four
forecast performance ratios are developed from table 2.3.
(1) Ratio of accurate forecasts;
(RAF) = f11+f22+f33+f44/ ??fij
(2) Ratio of worst forecasts;
(RWF) = f12+f21+f34+f43/ ??fij
(3) Ratio of accurate to worst forecasts;
(RAWF) = f11+f22+f33+f44/f12+f21+f34+f43
(4) Ratio of inaccurate forecasts?
(RIF) = f13+f14+f2 3+f24+f31+f3 2+f41+f42/ ??fij
ID
Data Sources
The complete set of data used in this study is 
provided in Appendix II. Data on net rice imports (IMP), 
import price of rice(PM) and import price of wheat flour 
are from the annual issues of F.A.O. Trade Yearbook. Net 
rice imports were derived by subtracting rice exports from 
gross imports and import prices were derived by dividing
Table 2.3. 4x4 Contingency Table Showing the Qualitative
Performance of Forecasts
Actual
Values
Forecast Values 
TTPPTP UNTP DNTP
PTP fll f 12 f 13 f 14
TTP f 21 f 22 f 23 f 24
UNTP f 31 f32 f 33 f 34
DNTP f 41 f 42 f 43 f 44
Source: Naik and Leuthold.
the total value of gross imports by the total quantity. 
The domestic production of rice(QS) is from the F.A.O. 
Production Yearbook. Rough rice was converted to milled 
rice at an outturn of 68 percent (l unit of QS = 0.68 
units of QSM). International Financial Statistics, a
publication of the International Monetary Fund was the 
source of data for the consumer price index(CPI), foreign 
exchange reserves(EXC), midyear population(POP) and the 
gross national product(I) . CPI was used to deflate the
retail prices of rice(RPC) and GNP(IR). World Rice
Statistics 1985. a publication of the International Rice 
Research Institute, was the data source for producer 
prices of rice(PP), prices of nitrogen from urea(PF), 
consumer prices of rice (PC) , percentages of total
irrigated rice acreage in the country(IRR), and total
fertilizer used(F) . End of the year rice stocks(S) are 
from the USDA estimates published in Foreign Agriculture 
Circular. Grains.
CHAPTER THREE
THE WORLD RICE MARKET
The market characteristics of world rice production, 
consumption and trade are distinctly different than 
prevalent market conditions for other major cereals. Its 
production is confined mainly to tropical and sub-tropical 
areas; farms are generally small and the marketable 
surpluses are low; and the developing countries dominate 
the market. The purpose of this chapter is to examine the 
characteristics of the world rice market under the 
traditional framework of market structure, conduct and 
performance.
Structural Features of the Market
Production
The regional distribution of area harvested, yield 
and world rice production is shown in table 3.1. Asian 
countries produced 91 percent of world production on 89 
percent of the total land devoted to rice. The yield 
comparisons of different regions provide some indication 
for future capacity to expand rice production given other 
factors are favorable. The shares of the world rice 
production, consumption and trade by economic class are 
given in table 3.2. Centrally planned economies are also
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Table 3.1. Regional Distribution of Area, Yield and Production of Uorld Rice 
Crop Year - 1982.
Country/
Region
Production-/a Area Harvested Yield
1000 mt. 5£ of worLd 
total
1000 ha. X of world 
total
mt/ha % of world 
average
Asia 380920 91.13 126090 89.15 3.02 102
Bangladesh 21276 5.08 10400 7.35 2.05 69
Burma 14419 3.45 4664 3.30 3.09 104
China 161246 38.58 33056 23.37 4.88 165
India 69069 16.52 39000 27.57 1.77 60
Indonesia 34104 8.16 9022 6.38 3.78 128
Japan 12838 3.07 2257 1.60 5.69 192
South Korea 7307 1.75 1188 0.84 6.15 208
Malaysia 1859 0.44 668 0.47 2.78 94
Nepal 1874 0.45 1150 0.81 1.63 55
Pakistan 5059 1.21 1954 1,38 2.59 88
Phi Iippines 7805 1.87 3199 2,26 2.44 82
Sri Lanka 2110 0.50 800 0.57 2.64 89
Thai land 17250 4.13 9200 6.50 1.88 64
Vietnam 13900 3.33 5700 4.03 2.44 82
North America 9150 2.19 2040 1.44 4.48 151
United States 6994 1.67 1316 0.93 5.31 179
South America 12750 3.05 6710 4.74 1.90 64
BraziI 7800 1.87 5350 3.78 1.46 49
Europe & USSR 4280 1.02 1010 0.07 4.24 143
Uest Asia & Africa 10330 2.47 5440 3.85 1.90 64
Other 470 0.01 80 0.01 5.88 199
World 418000 100 141440 100 2.96 100
a-/ rough rice
Source: Foreign Agriculture Circular. Fg-26-83, USDA, Sept. 1983.
represented by activities in Asian countries, for example 
China, North Korea, and Vietnam. The major role of Asian 
developing economies in the rice market is also quite 
evident.
The predominance of Asia in the world rice economy 
brings a series of unique characteristics to the world 
rice market. Rice production provides a livelihood to 
billions of small scale subsistence farmers who form an 
important socio-political segment in the population. In 
consumption, rice is also tied up with nutritionally
vulnerable low income populations who cannot afford large 
variations in staple food prices. Under these 
circumstances extensive government controls in the rice 
markets becomes a political necessity. These policy 
interventions, at almost every stage, complicate the
price signals in the market.
The world rice market is segmented by tastes and 
preferences for different types of rice (Table 3.3). 
Differences exist in terms of rice types, sizes and
milling processes. By type, rice can be divided into four
main categories: glutinous, aromatic, japonica and indica
(Slayton). Glutinous rice which forms a gelatin like mass 
when cooked, is mostly consumed in Northern Burma, North 
East Thailand and some parts of Vietnam and Laos. 
Japonica rice which is sticky and moist when cooked is 
preferred in Korea, Japan and Taiwan. Aromatic rice
Table 3.2. Shares of World Rice Production, Consumption 
and Trade, Developing Countries, Developed 
Countries and Centrally Planned Economies, 
1982.
Developing Developed Centrally
Countries Countries Planned
Economies
-------------  percent ---------
Production 53 6 42
Consumption 54 5 42
Imports 77 15 8
Exports 62 31 6
Source: Henneberry, p .2.
varieties which are considered exotic is produced mainly 
in the Punjab region in India and Pakistan and is marketed 
in the Middle East at more than double average prices. 
The Indica type of rice constitutes the bulk of 
international trade.
Rice varieties are further differentiated according 
to length of grain as long, medium and short and by the 
milling process, regular milled or parboiled. The quality 
of milled rice is primarily based on the percentage of 
brokens in the rice, translucency of the grain, 
chalkiness, and the uniformity of quality. The higher the 
amount of broken and chalky grains the lower is the 
quality and price. Thailand and the United States are the 
main suppliers of high quality long grain regular milled 
and parboiled rice. Major markets for this rice is in 
high income countries of Western Europe, Canada, and the
Table 3.3 Major Traders by Type of Rice.
BROUN RICE
Regular Parboiled
Major importers: South Korea, Portugal EEC, Canada and S. Africa
JAPONICA RICE
Major Growers: Japan, the Koreas, Taiwan, parts of China, Australia, the Mediterranean
region, Brazil and California,
Major Importers: Indonesia and South Korea
INDICA RICE
   Hell M i l l e d ----------------------  —  Parboiled M i l l e d -----
Brokens Low Medium High Low High
duali tv Qua Ii tv Qua Ii tv Qua Ii tv Quali tv
Major
Exporters:
Thailand Thailand 
Burma Pakistan
Major
Importers:
Senegal 
Gambi a
China 
Burma 
Indonesia 
West African
Madagaskar Countries 
Mauritania 
S. Vietnam
U.S
Thai land 
Pakistan
BraziI 
Hong Kong 
Malaysia 
Indonesia 
USSR
U.S.
Thai land
U.S.
Western
Europe
Uruguay
Argentina
I ran
I raq
MaI ays i a 
Singapore 
Hong Kong
Burma 
Thai land
Sri Lanka
Bangladesh
Liberia
U.S.
Thai land
Saudi Arabia
Nigeria
EEC.
Canada
S. Africa a/
a/ The EEC, Canada and South Africa import significant quantities of parboiled 
rice, but it is usually brown parboiled rather than milled.
Source: The World Rice Market. Gianini Foundation information Series, No. 85-2
University of California, Davis, 1985.
oil exporting countries of the Middle East. Low income 
developing countries mostly import milled rice of lower 
quality in order to maximize the volume of imports with a 
given amount of foreign exchange.
Paddy production increased about 2.8 times in the 
period 1950-86 (168 to 465 million metric tons). The most 
noticeable aspect of this production growth is the 
adoption of new crop technologies and the associated 
increases in rice yields since the mid 1960's. The growth 
in yields were more pronounced for traditional importers 
than for exporters leading most deficit countries in Asia 
to become more self sufficient and in some cases to become 
exporters during the period. This technological change 
may have further accentuated the thinness of an already 
thin international market for rice.
Trade
Low volumes are traded relative to production in the 
domestic markets and in the international rice market.
Since the bulk of world rice production is on subsistence 
farms, per farm production is small and the average
marketed surplus also is low (Table 3.4). Most farmers
produce for household consumption and only the excess is 
available for commercial sale. Similarly, major rice 
consuming countries in Asia consider reaching self- 
sufficiency as a nation an important economic and
political goal. Governments provide production subsidies
and various other incentives to increase domestic rice 
production. Thus rice imports in many countries is the 
residual requirement over domestic production. The volume 
of imports in these cases are closely dependent on the 
level of domestic production.
The total volume of world trade remained less than 5 
percent of production throughout the post war period 
(Table 3.5). However this low ratio of trade to 
production is basically a characteristic of the Asian rice 
market. Rice exporting countries outside Monsoon Asia 
exported 27 percent of its production and importing 
countries imported 85.7 percent of their consumption 
(Siamwalla and Haykin, p.16).
World rice exports shares are more concentrated 
than imports (Table 3.6). The ten largest exporters were 
responsible for 90 percent of the world's exports during 
the period 1983-86 while the corresponding share for the 
ten largest importers was only 43 percent. Countries in
Table 3.4 Marketed Surplus of Rice as a Share of Total 
Production, Selected Countries, Selected Periods.
Country Period Marketed Surplus as a 
Share of Production
Bangladesh 1953-68
--- (percent) ----
12.2 - 14.2
India 1971/72- 1974/75 21.6 - 23.9
Indonesia late 1950s 17.5
late 1970s 30.0 - 40.0
Philippines 1959-60 51.1
Taiwan 1970S 68 . 0
Thailand 1971 56.9
Source: Siamwalla and Haykin, p. 13.
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the Middle East and North Africa replaced Asian countries 
as major importers during the 1970s. The Asian region as 
a whole actually became a net exporter. Seven out of the 
ten largest rice exporters are from Asia whereas only two 
Asian countries are in the ten largest importers list. In 
the 1960-63 period Asia exported 64 percent of the world's 
rice exports and imported 60.3 percent making the region 
as a whole barely self sufficient. In the last two 
decades Asian rice export shares did not change 
significantly. It is the import share that declined.
The volumes of rice traded by each country in the 
international market is extremely volatile. Between 1961 
and 1980 for 13 Asian countries the median value of the 
coefficient of variation in rice traded was 43.1 percent 
whereas it was 27.4 percent for wheat for the same
Table 3.5 World Production and Exports of Rice, Annual 
Average for Selected Periods.
Period Production3/ Exports Exports as a % of 
Production
1000 tons/ year percent
1960-62 160,752 6538 4.07
1970-72 209,143 8455 4.04
1980-82 265,074 12500 4.72
1984-86 309,808 12163 3.93
Source: Compiled with data from Foreign Agriculture
Circular. Grains Nos. FG 20-79 Dec. 1979 and FG 26-83 
Sept. 1983, FAS, USDA; Rice Situation and Outlook, ERS, 
USDA, various issues. a/ Rough rice converted to milled at 
67 percent outturn.
Table 3.6. The Trade Share of 10 Major Exporters and Importers in the World, 
1983-86 Calender Year Average.
Rigion/
Country
Trade
Volume
Share of 
World Trade
Exoorts 1000 tons Percent
Thai land 6155 36.3
United States 2161 17.7
Pakistan 1077 8.9
China 915 7.6
EC-12 893 7.6
Surma 632 5.2
Australia 363 3.0
Taiwan 272 2.2
North Korea 250 2.1
Indi a 200 1.7
Total: 10898 90.1
ImDorts
EC-12 1231 10.2
I ran 678 5.6
Saudi Arabia 505 6.2
I raq 697 6.1
BraziI 682 6.0
Malaysia 617 3.6
Nigeria 608 3.4
Senegal 359 3.0
ivory Coast 326 2.7
Vietnam 308 2.5
Total: 5211 43.1
Data Source: Rice: Situation and Outlook Report. USDA, ERS, Sept. 1986, p.28.
countries (ibid., p.18). Large variations were associated 
with importers who turned out to be exporters during this 
period such as Japan, the Philippines and India. One 
common reason for the volatility of trade is the pursuit 
of domestic market stabilizing policies by governments. 
Consumption
World rice consumption grew at an annual rate of 
three percent in the last two decades (Table 3.7). Most 
developing regions indicate a consumption growth rate 
above the world average. This may generally be associated 
with higher rates of population growth in these countries 
and the lower levels of food consumption at the beginning 
of the period. It is likely that a higher proportion of 
income growth was spent on food. Rapid income growth in 
oil exporting developing countries and income growth 
associated with industrialization in East Asian countries 
may have contributed to this phenomenon.
Long term rice consumption patterns in many 
countries, especially in areas where rapid economic 
changes are taking place, are conditioned by changes in 
income, income distribution, relative prices, the rate of 
urbanization and the population growth. A well identified 
change in food consumption is the shift from vegetable 
sources to livestock products with increasing incomes. As 
incomes grow diets are diversified, and the expenditure 
incurred per calorie, tends to increase. These trends may
have influenced Asian rice consumption to slow down among 
certain sections of the population. The total calories 
consumed from different food types are shown by regions 
and economic groupings in Table 3.8. In the developing 
market economies more than 91 percent of the calorie 
supply was from vegetable sources and the contribution 
from cereals to total consumption was 57.7 percent in the 
1979-81 period. In the rice consuming countries of Asia 
the share of cereals in the diet was higher with 67.4 
percent in the Far East and 66.9 percent in the centrally 
planned Asian economies.
Sources of calories consumed by developing countries 
are further presented by income groups and by vegetable 
products in Table 3.9. Most rice consuming countries of 
Asia and Africa fall into the first two income categories
Table 3.7 Average Annual Growth Rates in Rice 
Consumption by Regions, 1963-83.
Region Growth Rate
C. America & Caribbean
(Percent/Year) 
3.3
S . America 3.1
E.C.10 0.6
Other W . Europe 1.5
E . Europe 1.5
Middle East 5.7
Africa 3.8
East Asia 3.8
S.E. Asia 3.0
S. Asia 2.0
Oceania 7.9
World 3.0
Source: Compiled with data from Foreign
Agriculture Circular. Grains FG-26-83, 
Sept. 1983, FAS.,USDA.
where the share of cereals in the diet is about 55 
percent. The two lowest income groups increased the share 
of vegetable products in the diet over time, whereas 
opposite trends persisted for the higher income groups.
Changes in food consumption patterns occur over time 
due to structural changes in population growth and changes 
in income distribution. This is because the mix of
commodities consumed by different income strata differ and 
the elasticities of demand for these commodities also vary 
according to income levels. Rice consumption in high 
income countries of East Asia, such as in Japan, South 
Korea and Taiwan were declining with the growth in income. 
Although the general tendency is to generalize aggregate 
food demand of a country by its average per capita income, 
it is necessary to remember that the populations in these 
countries consist of heterogeneous income groups. Even 
in low income countries, increasing amounts of grains were 
diverted to feed, essentially, to meet the demand for 
livestock products from the higher income groups. This 
led to increasing substitution of cereals for feed (Table 
3.10). The annual growth rate of rice for feed-use was 
greater than for food-use in rice producing regions of 
Asia and in Latin America.
The effects of changes in income ditribution and 
urbanization on rice consumption can further be seen from
Table 3.8 Share of Vegetable Products and Animal Products 
in Total Calorie Consumption by Region and 
Economic Group, 1961-63 and 1979-81 Averages.
Region/ 1961-63 Period 1979-81 Period
Econ. Group Vegetable Animal Vegetable Animal
Products Products Products Products
Percent
Developed
Market Economies 69.2 30.8 68. 3 31.7
E. Europe & USSR 77 .6 22.4 72.9 27.1
Developing
Market Economies 91.9 8.1 91.4 8.6
Africa 93.7 6.3 93.5 6.5
Far East 94. 6 5.4 94.2 5.8
Latin America 83.5 16.5 82 .9 17.1
Near East 90.0 10. 0 89.3 10.7
Asian Centrally
Plan. Economies 91.7 8.3 90.0 10. 0
Source: Adapted from Per Pinstrup- Andersen, p. 18.
the information given in Table 3.11. In Thailand higher 
income groups consumed less rice confirming the general 
belief that higher income groups diversify diets as 
incomes grow. In countries where rice is heavily consumed 
the consumption rate is likely to slow down as incomes 
grow. Further, it is seen that rural populations consume 
more rice than their urban counterparts leading to the 
conclusion that higher urbanization rates may also slow 
down rice consumption. In Africa, substitution of rice in 
the diet in place of traditionally consumed coarse grains 
affects the long term rice consumption trends (Table 
3.12). In the rice producing regions of West Africa rice 
and wheat consumption grew at an annual rate of 4.5 and
Table 3.9 Sources of Calories Consumed by Developing Countries, Grouped by 1980 per 
Capita Income- Average 1969-71 and 1979-81.
Per Capita # of Roots & Pulses & Animal Othe,
Income Period Countries Cereals Tubers Nuts Products Sugar Foods
< *250 (69-71) 11 54.4 13.7 9.0 7.4 3.9 11.6
(79-81) 11 56.3 14.3 8.0 6.4 3.8 11.4
*250 - $499 (69-71) 20 54.4 15.2 7.0 7.6 5.2 10.7
(79-81) 20 55.3 13.8 6.6 7.1 5.1 12.1
*500 - $1999 (69-71) 39 50.3 9.5 4.9 10.7 9.6 15.0
(79-81) 39 49.7 8.3 4.5 11.0 10.8 15.7
$2000 & over (69-71) 15 48.4 2.7 3.7 17.2 12.4 15.5
(79-81) 15 44.8 2.5 3.2 19.3 12.5 17.7
Average (69-71) 85 51.4 10.2 5.7 10.7 8.3 13.7
(79-81) 85 51.0 9.4 5.2 11.0 8.8 14.6
Source: Adapted from Per Pinstrup-Andersen, p.19.
Table 3.10 Annual Growth Rates in the Consumption of Various Grains for 
Food and Feed, 1961 to 1983.
Other Coarse Total 
Wheat Rice Maize Grains Cereals
Region Feed Food Feed Food Feed Food Feed Food Feed Food
percent
Asia
N.Africa/
6.58 5.8B 3.35 3.24 11.53 2.84 1.53 0.30 6.00 3.37
Mid.East 
Sub-Saharan
5.46 4.31 1.04 4.53 7.92 2.66 3.38 0.96 4.68 3.65
Africa 7.66 6.23 3.20 5.06 5.27 3.27 1.60 1.40 3.86 2.85
Latin-Ameri ca 4.87 3.45 4.32 3.46 4.20 2.77 9.10 3.36 5.36 3.19
Developing 6.00 5.23 3.36 3.31 7.52 2.88 4.18 0.72 5.55 3.34
Developed 4.06 0.45 1.46 0.40 2.90 2.16 2.11 0.31 2.81 0.52
Source: Per Pinstrup-Andersen, p.21.
7.7 percent while millet and sorghum consumption declined
annually by 1.7 and 2.3 percent respectively.
Table 3.11 Rural and Urban Consumption Patterns for Poor 
and Rich in Selected Countries.
Poor Rich
Country Commodity Urban Rural Urban Rural
% of Total Calorie Consumption
Brazil Cereals 34.7 27.9 34.8 37. 0
Rice 19. 6 15.1 16.8 17.9
Wheat 8.3 1.9 10.7 3.3
Thailand Cereals 80.7 93.4 55.9 67.9
Rice 70. 0 91.2 44.0 56. 1
Kg/ Capita/ Month.
Indonesia Rice 0.8 0.5 2.2 3.3
Cassava 0. 07 0.5 0.1 0.8
Pakistan Wheat 9.9 12.2 9.2 17.1
Rice 0.7 0.8 1.7 1.7
Source: Per Pinstrup - Andersen. P.35.
The rate of substitution of wheat for rice is a 
significant factor affecting long term consumption 
patterns of rice. It was already noted that the annual 
growth in consumption of wheat both as food and feed was 
higher in developing countries than for rice. During the 
last decade, the growth rate in world wheat production was 
faster than that for rice (Table 3.13). In 1982-83, the 
share of wheat in world grain production was 29 percent 
compared to 25 percent for rice. Wheat rice substitution 
decisions are influenced by relative prices, the rate of 
urban growth, opportunity cost of womens' time, the rate
Table 3.12 Consumption of Staple Foods in Africa, 
1961-65 and 1978-82 Periods.
Percent of Total Stacies Consumed
1961-65 1978-82
Rice 6.0 9.0
Sorghum 16. 0 12.0
Maize 18.0 19.0
Cassava 20.0 19. 0
Source: Per Pinstrup-Andersen, P. 39.
of commercialization of subsistence agriculture, and the 
food aid policies of donor governments. In the postwar 
period wheat became progressively cheaper over time in the 
world markets. The price ratio of rice to wheat was 1.91 
in 1950-66 period and 2.74 in the 1967-77 period. Three 
major reasons are assigned for these changes in relative 
prices of wheat and rice (Siamwalla and Haykin):
. . . first, the supply of wheat has been expanding faster 
than that of rice; second, the population in rice growing 
areas has been growing faster than that in predominantly 
wheat consuming areas; and third, the income elasticities 
among rice eaters are higher than among wheat eaters 
(p.32).
Many rice consuming countries subsidize wheat 
products leading to low bread-rice price ratios in the 
domestic market (Table 3.14). Further, food aid programs 
also have been a major external influence in lowering real 
cost of wheat imports to governments. Historically over
Table 3.13 World Rice and Wheat Production and the Shares 
in Total Grain Production, 1970- 1974 and 
1982/83 Average.
1970 - 1974 1982/83 Annual
Mill. Mill. Change
Tons (Percent) Tons (Percent) (Percent)
Rice 320.9 25 418.0 25 + 3.8
Wheat 348.3 27 480.4 29 +4.7
Source: Foreign Agriculture Circular. Grains. FG-26-83,
Sept. 1983, FAS., USDA.
80 percent of the cereal food aid has been in the form of 
wheat and wheat flour. It has been argued that increasing 
wheat imports by developing countries represent a desire 
of the middle income urban consumers in those countries 
for a low cost convenience food (Byerlee, 1987, p. 323) . 
The increasing opportunity cost of women's time is also 
given as a reason for a shift from time insensitive
traditional foods to time saving foods, especially
commercially baked bread (Senauer, Sahn and Alderman).
Thus relative prices and changing tastes and preferences
both make wheat a strong substitute for rice.
Table 3.14 Consumer Prices of Bread and Rice in Selected 
Developing Countries, 1980.
Country Price
Bread
of Price of 
Rice
Bread/Rice 
Price Ratio
- U.S. $/kg ----
With bread subsidy
Egypt 0.09 0.20 0.45
Iraq 0.20 0.64 0.29
Sri Lanka 0.26 0.29 0.89
Mexico 0.31 1. 00 0.31
India 0.39 0.24 1.63
Brazil 0.39 0. 66 0.54
Pakistan 0.45 0.56 0.80
Cuba 0.46 0.61 0.74
Ivory Coast 0.57 0.47 1.21
Without Bread Subsidv
Burma 1.06 0.31 3.36
Korea 1.14 1.11 1.03
Philippines 1.16 0.34 3.41
Liberia 1.18 0.62 1.90
Source: Adapted from Per Pinstrup-Andersen, p. 29.
Behavior of the Market
Structural features of the world rice market 
influence its market behavior and performance. The 
central importance of the rice sector in the national 
economies of many rice producing countries have led 
governments to control virtually all aspects of the 
market. The key factors in the world rice markets are 
governments rather than producers and consumers. 
Governments influence domestic production and consumption 
through a variety of subsidies and rationing procedures. 
Rice imports and exports are either kept as a government 
monopoly or are controlled mainly by using quota
restrictions. Non-tariff barriers affected 93 percent of 
imports and 76 percent of world rice exports. More than 
50 percent of the international rice trade is handled 
under direct government to government contracts and long 
term agreements (Falcon and Monke, 1979/80, p. 284).
National rice policies adopted by major rice 
consuming countries partially insulate and stabilize 
domestic prices from the more volatile international 
prices. For example, during the 1970-80 period, while the 
coefficient of variation of world prices (as represented 
by the export price of Thai rice, 5 percent brokens FOB 
Bangkok) exceeded 40 percent, the coefficient of variation 
of domestic prices in many countries was less than 15 
percent (Sarris and Freebairn, 1984, p.213). The extent 
of price variations in domestic markets for selected Asian 
countries and the world market are shown in Table 3.15.
Although international trade in rice is integrated, 
wide disparities exist among domestic rice prices across 
trading countries. When domestic real rice prices of 13 
Asian countries were correlated with international prices 
the median of the correlation coefficient was 0.28 
(Siamwalla and Haykin, p.36). Because the main policy 
objectives of governments are to protect domestic prices 
and maintain price stability, in order to further domestic 
socioeconomic considerations, large price differentials 
within national borders are likely to continue.
Table 3♦15 Coefficients of Variation of Real Domestic
Rice Prices and for World Prices, Selected 
Periods.
Country Period
Coefficient of 
Domestic price
Variation 
World price
Burma 1961-79
--------  percent -
38.73 30.24
Sri Lanka 1961-80 35.65 30.29
Indonesia 1961-80 30.25 30.29
1967-80 22.09 35.47
1971-80 11.37 41. 56
Bangladesh 1961-80 17.67 30.29
Malaysia 1961-76 13.07 28.82
Pakistan 1961-80 12.80 30.29
Thailand 1961-80 12.25 30.29
Philippines 1961-80 12.22 30.29
South Korea 1961-80 11.91 30.29
Japan
Taiwan
1961-80 10.81 30.29
1961-80 10.77 30.29
Nepal 1962-80 10.57 29 .35
India 1961-80 8.27 30.29
Source: Siamwalla and Haykin. p.58.
Empirical estimates of the effect of government 
policies on world prices indicate that if all countries 
liberalized trade, the average world price will decline by 
16.3 percent and its standard deviation would come down by 
61 percent (Table 3.16). When the same type of model was 
applied to the world wheat market it was observed that 
trade liberalization would lead to an increase in the 
world wheat price (Sarris and Freebairn, p.231). The 
reason hypothesized for this result is that the major rice 
producing and trading countries keep prices of rice 
relatively low to both producers and the consumers, while 
in wheat, by contrast, the major trading countries tend to
keep their grain prices high in order to support domestic 
producers.
Long term production patterns in the rice market are 
mainly influenced by government investment decisions in 
irrigation, research, marketing and other infrastructure 
facilities. Adoption of high yielding varieties, use of 
chemical fertiliser and other inputs are closely tied up 
with government agricultural policies. These policy 
measures are largely responsible for the increased yields 
in Asian countries in the last two decades. According to 
Siamwalla and Haykin governments consider rice supplies 
from domestic sources more valuable than similar rice 
available from foreign sources(p.37).
Some empirical estimates of the rice production 
response to prices in Asian rice economies and the U.S. 
are shown in Table 3.17. The short run price elasticities 
of production are low in many Asian countries, mainly due 
to the subsistence nature of production. Further it is 
difficult to isolate the effects of price on production in 
these countries as government subsidies affect both inputs 
and outputs in many ways. The long run price elasticity 
response is low; firstly because it is the staple in the 
diet of the farm families and secondly, substitution of 
other crops for rice is relatively restricted. Thus Asian 
countries will be slow to adjust production in response 
to world prices.
Table 3.16 Results of Trade Liberalization Simulations3/.
Liberalizing 
Country or 
Region
Average
World
Price
Change
from
base
Std.Dev 
of world 
price
Change
from
Base
U.S. $ percent U.S. $ percent
All countries 316,3 -16.3 63.1 -61. 0
Japan 384.0 1.6 161.6 -0.2
Indonesia 363. 0 -4.0 122.7 -24.3
Thailand 370.3 -2.0 139.7 -13 .8
Egypt 375.1 -0.8 158.0 -2.5
European
Community13/ 378.2 0.0 161.1 -0.6
India 353.3 -6.5 101.2 -37.5
Burma 363.4 -3.9 136.8 -15.6
Philippines 375.8 -0.5 154. 0 -4.9
South Korea 383.0 1.3 161.6 -0.2
Bangladesh 375.1 -0.8 149.6 -7.7
a/ Circa 1980; b/ Belgium, Denmark, England, France,
Federal Republic of Germany. Ireland, Italy, Luxembourg, 
The Netherlands.
Source: Sarris and Freebairn, 1984, p.231.
Rice consumption elasticities with respect to 
domestic prices also tend to be low in most Asian 
countries (Table 3.18). In these countries, extensive 
schemes of subsidized rice distribution and quantity 
rationing by the governments have prevailed. Therefore in 
considering the consumption response to open market prices 
the effect of these regulations in individual markets 
require attention. For example, between 1965-75 in 
Bangladesh the price of rationed rice varied from 73 to 24 
percent of open market prices. In 1973 more than 60 
percent of food grains by urban populations and about 10
Table 3.17 Price elasticities of rice 
Asia and the U.S.
yield, area harvested, and production in
Shortrun Price Elasticity for
Country Yield
Acreage Effect 
on Yield
Area
Harvested Production
Long Run Price 
Elasticity for 
Production
Bangladesh .049* — .011 .060 .072
Burma ... ... .043** .043 .043
India .156** ... .027 .183 .216
Indonesia .094** ... .074* .168 .343
Japan .456* -.490* .058* .485 .503
South Korea .396** ... .051* .447 .467
Pakistan ... ... .091 .091 .389
Philippines .197* ... .116* .313 .471
Thai land ... ... .337* .337 1.620
Taiwan .119* -.674* .059 .138 .171
United States — -.156* .125* .110 .311
* = 5% level significance
** = 10% level significance
Source: Ito, Wailes and Grant (1985).
Table 3.18 Price and income elasticities of rice demand in Asia and the U.S.
Country Price Elasticity Income Elasticity
Bangladesh -.028 --
Burma -.026 - .218
P.R.C. -.005+ --
India -- -.079
Indonesia -.046*+ .308*
Japan -.189*
South Korea -.169** .102*
Pakistan -.139 _.534*
Phi Iippines -.170 .243*
Thai land -- -.131*
Taiwan -.074 -.081**
United States -.180* .600*
* = 5% significance level
** = 10% significance level
+Elasticities with respect to Thai rice export prices 
Source: I to, Uailes and Grant (1985)
percent of rural populations were distributed as 
subsidized rations (Ahmed, pp. 23 and 40). The low levels 
of food consumption, predominance of rice in the diet and 
lack of other substitutes also may be influencing these 
low elasticities. Income elasticities of demand for rice 
is negative for many countries in Asia. These are mainly 
for rice exporters. The negative income elasticities 
indicate a desire by these populations to diversify their 
diets away from rice with growth in income.
Government involvement in international rice trade 
comes almost as a logical extension of its obligations in 
the domestic market. In many developing countries, the 
domestic rice policy is essentially an attempt to maintain 
a delicate balance between sufficient supplies at fair 
prices to urban populations and minimum guaranteed prices 
to rice producers. To fulfill these twin objectives 
governments purchase locally produced rice at support 
prices and issued it to consumers, often below cost. 
Shortages are supplemented by imports. Rice stocks 
available to the governments are either channelled 
through a rationed distribution system, or else, released 
to the open market in order to stabilize prices. Through 
different supply management techniques governments are 
able to control the domestic rice markets.
Empirical studies also indicate the responsiveness 
of international trade to world prices to be very limited
(Table 3.19). Shortfalls in production in these 
countries explained much of the variation in imports and 
exports indicating that the world market acts as a 
residual supplier. Moreover, when variations in domestic 
production occurred only a part of the variation was 
transmitted to the world market (Siamwalla and Haykin, 
p.45). Thus domestic production remains a strong 
determining factor in consumption and trade. Governments 
control the rice export and import trade by issuing 
licenses, fixing quotas and frequently, by direct trading 
activities. In 1983, 60 percent of world rice imports and 
46 percent of rice exports were directly handled by 
governments. Only the United States, Australia, Italy, 
Argentina, Uruguay and Spain left rice exports to the 
private trade in 1983 (Slayton, p. 13) . Government to 
government supply contracts and long term bilateral trade 
agreements are other important instruments of 
international trade.
Rice is exported under concessional terms of trade 
and export subsidies mainly by the developed countries. 
The United States, Italy, Japan and Australia have used 
these measures in the last two decades. In more recent 
years the U.S. was the largest exporter on concessional 
terms, exporting about 20 percent of its rice exports on 
this basis.
Table 3.19 Estimated resDonsiveness of 
1961-80.
rice trade to changes in world price,
Country Period Coefficient
(1,000 metric tons/
U.S. $1 change}
Burma 1961-65 4.589
1966-80 -0.737
China, People's Republic of 1.700
United States 1961 1.194
1970 1.511
1980 1.542
Japan 0,788
Korea, Republic of 0.748
Bangladesh 0.489
Nigeria 0.300
Saudi Arabia 0.232
U.S.S.R 0.222
Korea, Democratic People's Republic of 0.173
Singapore 0.140
Austria, Greece, Norway, Portugal, Spain,
Sweden, and Switzerland 0.074
Canada 0.037
Chad, Mali, and Upper Volta 1962-80 0.024
Angola 1962-80 0.021
Israel 0.011
Australia -0.086
Sources: Siamwalle & Haykin, P.54.
Note: The response to price for the United States is lagged by
tuo years.
Market Performance
In 1984, the four largest exporters of rice,
Thailand, United States, Pakistan and China handled 69
percent of world rice exports and the four largest 
importers, EC 10, India, Iran and Bangladesh were
responsible for 24 percent of total imports. Although 
domestic rice markets are tightly controlled by
governments, the world market is essentially competitive
in nature with no country apparently holding substantial 
market power.
International rice trade patterns underwent 
significant changes during the postwar period. Major 
importers of rice in Asia decreased their share of imports 
and in the 1970s the Middle Eastern and North African 
countries became large importers. Asia became a net
exporter. Thus the channels of trade were unsettled,
product differences were wide and not readily comparable, 
and trade negotiations were too complicated for any set of 
market participants to assert market power.
The role and the effectiveness of the price
mechanism is less evident in the operation of world rice 
markets than that for wheat or corn. There is no single 
world price for rice. The prices posted by the Thai 
Board of Trade is commonly cited as the world price but 
these are not the prices at which transactions take place
{Siamwalla and Haykin):
The weekly quotations for the Bangkok f.o.b. price, 
which are used in the literature and will also be used 
later in this report, are not of much value in the price 
discovery process. They are posted prices. Thai 
government regulations have made the posted price the 
minimum price that private exporters must demand of 
their buyers, otherwise no export license will be 
issued. In reality, when markets are soft, illicit 
discounts (on the order of 5-10 percent of the price) 
are given. When markets are tight, higher than the 
posted prices are the norm. It is clear then that there 
is considerable scope for price variation at any given 
time (p. 34).
In the absence of a globally recognized central market 
price for rice such as New York world market price for 
sugar or the Chicago Board of Trade prices for wheat, corn 
and soybeans the price discovery process in the world rice 
markets is more difficult. These difficulties are 
further compounded by the thinness of stocks available for 
international trade. The resulting inefficiencies in the 
rice markets are noted by Slayton:
   Without an effective futures market for rice, trade
is conducted without hedging and international traders are 
likely to incur large profits or losses. Hard data on 
trading margins for rice are lacking, but evidence 
suggests they are sharply above those in the much larger 
wheat and coarse grain markets. A handful of trading 
houses in New York, Geneva and Paris conduct most of the 
rice trade (p. 12).
Siamwalla and Haykin(p.34) estimated that the brokerage 
fees collected by these trading houses to be between 5-10 
percent of the value of transactions.
Lack of commonly used grades and standards for rice 
further complicates the role of prices in the world
market. Rice varieties are differentiated by country of 
origin in many markets. The U.S. and Thai rice varieties 
in the European markets are an example. Many 
transactions take place with the supplier agreeing to 
supply rice conforming to quality standards of a sample of 
rice. These practices are very unwieldy, inefficient and 
contribute to high transaction costs. Lack of commonly 
accepted grades makes it difficult for new exporting 
countries to enter foreign markets. As they have not 
acquired a reputation for their product greater price 
discounts have to be made in order to enter export 
markets.
It is generally hypoth e s i z e d  that market 
inefficiencies may be forcing many countries to maintain 
relatively higher levels of stocks. National buffer 
stocks in rice are a necessity for major rice consuming 
countries; firstly because it is a very important staple 
and, secondly, the stability in domestic prices can be 
maintained only with assured regular supplies. In 
addition, in the international markets as supplies are 
variable, the price discovery process is slow, and as the 
transaction costs are high it may be necessary to maintain 
high stock levels at the national level. In the 
international rice market large residual stocks are not 
available as in the case of wheat. Although data on rice 
stocks are more difficult to estimate, annual ending
stocks are estimated to be about 5-8 percent of
consumption (Stucker, p.43). These stocks are expected to
meet the annual variations in supply as well as pipeline
stocks in the national distributional channels.
World rice market performance can be examined by
analyzing the dynamic efficiency of the market. Dynamic
efficiency in a market is defined as the economic
incentives provided to the development and adoption of
superior productive techniques. Again, the effect of
world prices on dynamic efficiency may be limited because
of strong domestic pricing policies. However the
imperfections in the market and the uncertainties of world
rice supplies may have encouraged food deficit countries
to adopt yield enhancing technologies faster than the rice
exporting countries. The effect of this technological
change is analyzed by Siamwalla and Haykin:
...., These dynamic technological and policy
developments have probably reduced the gap in the
marginal cost of production of rice between exporters 
and importers, and therefore have reduced any static 
inefficiency that may have arisen from various antitrade 
devices adopted by both groups of countries (p. 62).
During the postwar period the real price of rice in 
the world market has slightly declined. But this decline 
is much less than the fall in world wheat prices. 
Therefore in trade terms rice importers gained over time, 
especially those countries which substituted wheat for 
rice in their diet. Rice ranks as one of the top 
commodities, in value, that is traded among developing
countries. Export share of industrialized countries in
the rice market increased in the last two decades. A
significant part of these exports were made . on
concessional terms. An assessment of the effect of these
sales on commercial export volumes and prices are not
available, but the likely effects on developing country
exports are described by Ridler and Yandle:
...., A direct balance of payments effect arises from 
the loss of export markets and the price declines 
resulting from the heavier volume of supply available 
for the remaining commercial markets. In addition, such 
producers ultimately carry the burden of adjustment of 
resources to the new market situation. In this sense, 
the countries selling rice on concessional and
subsidized terms transfer the need for adjustment to the 
relatively low-cost producers, which in this instance 
are countries least able to bear the economic and other 
costs that such adjustments entail (p. 69).
It is possible to draw some inferences about future 
developments in the world rice market from the long term 
trends of the last two decades. Large imports by Asian 
countries are decreasing with one exception, Bangladesh. 
Although Asian rice production is fast acquiring
commercial farming characteristics the subsistence nature 
of production is likely to remain for a considerable 
period into the future. Marketed surpluses are likely to 
increase, and increasing substitution of wheat for rice is 
likely to occur. The major developing country importers
will continue to be from the Middle East and North Africa
where rice is likely to face even more intense competition 
from wheat. Economic growth and food pricing policies of
these countries may also influence future trading 
patterns in rice.
Thailand, the United States, Burma and Pakistan have 
emerged as major rice exporters. At present there is an 
over supply situation in the world rice market. This is 
manifested by falling prices, increased concessional sales 
and export subsidies resorted to by the exporters. As 
resource adjustments are slow in most rice producing 
countries this trend is likely to continue. As markets 
become tighter it is possible that governments may resort 
to more bilateral long term trade agreements.
CHAPTER FOUR
COUNTRY ANALYSES, RESULTS AND DISCUSSION
A major part of this chapter is devoted to reporting 
and discussion of results. In addition, a brief analysis 
of the rice sectoral policies of each country is included 
in order to understand the political economy framework 
which influences import decisions. Inclusion of this 
information, hopefully, may provide broader perspectives 
to quantitative measures estimated by the import demand 
models.
The seven countries included in this study were 
developing countries in Asia and all were, largely, net 
importers of rice but the similarities among them almost 
end there. Some of the basic socioeconomic indicators 
which are relevant to this study(table 4.1) emphasize 
these disparities. They differ in country size, size of 
population, per capita incomes, rate of growth, structural 
features of the economy, balance of payment problems and 
in many other ways.
Wide variations were observed in food consumption 
patterns and, rice production and trade as well(table 
4.2). Total per capita calorie intake ranges from 1837 to 
3056 per day and the share of rice in the diet varies from
83
76 percent in Bangladesh to 33 percent in India. Average 
rice imports as a percentage of production varied from 39 
percent in Sri Lanka to less than 1 percent for Indonesia. 
The rice-fertilizer price ratio was highest in the 
Republic of K o r e a (0.747) and was lowest in the 
Philippines(0.287) . All these differences emphasize that 
great caution needs to be exercised when country 
comparisons are made.
Because cereals provide more than 65 percent of the 
national diet, grain policies, particularly rice sector 
policies, form the cornerstone of food policy planning in 
these economies. Rice policies can broadly be categorized 
into four main areas: (l) policy area on rice production
and marketing (2) policies on rice consumption (3) policy 
on foreign trade in rice, and (4) rice buffer stock 
policies. The discussion of rice policies in individual 
countries which is to be included in this chapter will 
follow this basic format.
One of the major objectives of production and 
marketing policies is to control and manage supply. In 
the rice economies of Asia the principle of supply 
management is expressed in terms of increased production, 
usually supporting producer prices, adopting nonprice 
assistance to production mainly through improvements in 
rural infrastructure and restricting competition from 
imports. Achieving yield increases and otherwise
improving productivity and efficiency are emphasized as 
means for obtaining a more viable rice sector. In view of 
the relatively low levels of income in the farm sector, 
providing equitable returns and stable prices to rice
producers is also a policy consideration. Governments 
engage in marketing activities, along with the private 
sector, in varying degrees. These activities are in the 
area of procurement, storage, processing and retail 
distribution of rice.
Government policies of subsidizing consumer prices 
influence the domestic utilization of rice. These
subsidies may either be in the form of price fixing, dual 
pricing systems or issue of food to low income groups as 
income support.
The nature of government intervention in rice 
imports is determined by the degree of protection desired 
for producers, the need for stable consumer and producer 
prices, and the balance of payments position of the 
country. Regulation of imports may be done by resorting 
to a government monopoly on imports, allocating exchange 
quotas or by tariffs and import levies.
Government rice stock policies are not well 
documented. Overriding considerations appear to be
domestic food security and price stabilization but
reliable information on stocks held by farmers and private 
trade are often not available for planning purposes.
Table 4.1. Comparative Basic Socioeconomic Indicators in Various Countries.
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Bangla­
desh
India Indo- 
nes i a
Malay­
sia
Phi Ii- 
ppines
Korea
Rep.
SriL£
AreaOOOO sq.km.) 1222 328B 1919 330 300 98 66
Population
Total(mi 11 ions '85) 100.6 765.1 162.2 15.6 54.7 41.1 15.8
Annual Growth(X 65-80) 2.7 2.3 2.3 2.5 2.8 1.9 1.8
Agr. Labor Force(S£,65) B6 73 71 59 58 55 56
Agr. Labor Force(%,85) 80 70 57 42 42 36 S3
Urban Population^,85) 18 25 25 33 39 64 21
Income
Per Capita GNP(US$ 85) 150 270 530 2000 580 2150 380
Annual GrowthCSS,65-85) 0.4 1.7 4.8 4.4 2.3 6.6 2.9
Income Distribution^)3^ 6.6 7.0 6.6 3.5 5.2 5.7 5.8
Agricultural Production 
% of GDP from Agr.(85) 50 31 24 n. a 27 14 27
Annual Growth(65-80) 1.5 2.8 4.3 n.a 4.6 3.0 2.7
Cereal lmports(1000t.74) 1866 5261 1919 1017 817 2679 951
(1000t.85) 2101 9 1444 2218 1524 6826 1071
Food aid(1000tons,76/75) 2076 1585 301 1 89 234 271
(lOOOtons,86/85) 1500 304 270 n.a 27 14 27
Fert.use(1000tons, '70)b^ 142 114 119 436 214 2666 496
ClOOOtons, '84)b/ 611 394 746 1304 319 3311 767
Food Prod. lndex(B3-85)C/f 110 120 117 116 103 109 98
Trade
Export growth rate
by value US$(65-80) 
Import growth rate
n.a. 3.7 9.7 4.4 4.7 27.3 0.5
by value USS (65-80) 
Terms of Trade
n.a. 1.6 13.0 2.2 2.9 15.2 -1.1
(1985, 1980=100) 
% of food in total
113 115 97 85 96 105 97
imports USS (1965) 
X  of food in total
n.a 22 6 25 20 15 41
imports USS (1985) 
Gross international
24 13 6 11 8 6 15
reserves mi 11.US$(170) 
Gross international
n.a 1023 160 667 255 610 43
reserves mi 11.US£(*85) 
Total external debt
353 9494 5988 5677 1099 2971 471
as a X of GNP.(170) 
Total external debt
n.a 15.4 30.0 10.9 21.1 23.3 n.a
as a % of GNP.(85) 37.2 15.0 36.6 62.0 52.1 43.0 49.2
Debt service as% GNP(70) n.a 1.1 1.7 2.0 4.3 3.2 n.a
Debt service as% GNP(85) 1.3 1.4 6.1 16.9 4.9 8.6 4.1
a/. Income of lowest 20% of households; b/. Hundreds of grams of plant nutrients per 
hectare of land; c/. Per capita: 78-81=100:
Source: World Development Report 1987. The World Bank, Washington, D.C.rJune 1987.
/Table 4.2. Comparative Data on Rice and Other Food Consumption in Various Countries.
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Bangla­
desh
India Indo­
nesia
Malay­
sia
Phili­
ppines
Korea
Rep.
Sri Lanka
Total Calorie Consumption8^
(per capita/day) 1837 2056 2372 2518 2405 3056 2251
Calories from Cereals(K) 85 66 68 51 60 68 57
Calories from Rice(%) 76 33 58 39 38 49 42
Per Capita Food Consumption
Rice(kg) 211 103.3 185.2 152.9 136.4 207.6 140.1
Wheat(kg) 19 44.5 8.4 33.8 15.7 38.8 44.1
Maize(kg) - 7.3 24.4 2.3 55.5 16.3 1.4
Barley(kg) - 2.2 - 0.9 0.1 14.7 -
Rice Production and Trade^
Average Prod.(IOQQmt) 13420 43112 16676 1052 3743 4092 977
Average Imports(1000mt) 295 5090 1014 242 778 518 111
Average Import Price
(US.S/mt) 193 248 279 220 196 246 174
Average Rice-Fertilizer
Price Ratio 0.606 0.340 0.488 n.a 0.287 0.747 0.679
Rice Self-sufficiency
Ratio(69-71)c/ 0.96 1.01 0.95 0.80 0.96 0.85 0.73
(77-79) 0.97 1.03 0.90 0.81 1.05 0.97 0.82
Hotes:
a/. Source for food consumption; Food Balance Sheets 1979-81 Average. FAO, Rome, 1984. 
b/. Rice production and trade data are the means of data used in the present study, 
c/. Self-sufficiency ratio=production/apparent consumption; Source: Expanding
Agricultural Trade Among Developing Countries. FAO Economic and Social Development 
Paper, No.29, FAO, Rome, 1983.
India
Overview
India is a large rice producer with an annual output 
equal to about 20 percent of the world's production. In 
the mid 1960s it annually imported close to one million 
metric tons of rice, but by the late 1970s India was a 
net exporter. Since India's agriculture is remarkably 
diverse, rice plays a less overriding role in the economy 
than in most other rice economies of Asia. Wheat, maize, 
millet, and sorghum are other important food grains.
Although rice is still the major crop, most growth 
associated with the green revolution was wheat oriented. 
Wheat production grew at a faster rate with the help of 
irrigation and greater use of modern inputs. A greater 
share of wheat entered commercial channels as marketed 
surplus and dominated the government distribution 
channels.
National Rice Policies
Indian government policies tend to consider all food 
grains as a group. This is because there are three or 
four major cereal grains equally good as crop substitutes 
in production in different agro-climatic regions. 
Further, all these grains are preferred by different 
consumer groups. India's general food price policy has 
consistently favored consumers over producers(Barker, 
Herdt with Rose,p.242). The basic objectives and concerns
of Indian food policy can be summarized as(Sarma):
..... accelerating food grain production and achieving 
self sufficiency were highest priorities during the 
1960s. The success achieved in the mid 1960s in 
adopting new technology based on HYV programs held 
promise of rapid growth in food production. But this 
strategy resulted in widening of interpersonal and 
interregional disparities with a potential social unrest 
in rural areas. Concern for equity and social justice 
grew and was explicitly expressed in public policy 
announcements in 1970. This led to the launching of 
equity programs superimposed, as it were, on the 
programs aimed at maximizing production(p.10).
Production and Marketing Policies
Severe drought conditions in 1965/66 resulted in
large imports of food grains. The Fourth Five Year Plan
implemented in 1966, made concentrated efforts to increase
rice production by providing a package of incentives to
rice farmers. These included national agricultural
programs designed to stabilize farm prices, improve access
to credit, increase area and quality of irrigation and
improve the scope of research and extension programs.
National procurement prices for rice are announced
by the Agricultural Prices Commission (APC) and the
government purchases are made by the Food Corporation of
India(FCI) at these prices. Considerations which have
influenced APC in recommending these price levels
are(Krishna and Raychaudhuri):
(a) cost of cultivation (b) the trend in the open market 
wholesale price reflecting overall shortages (c) the 
need for securing a balanced growth in the output of 
related crops (d) the need to reduce interstate price 
dispersion; and (e) the need to limit the rate of 
inflation in the interest of consumers of grain,
industrial development and overall stability(p.4).
In addition to procurement prices other price series 
that affect rice farmers are the support price, farm 
harvest price and the wholesale price. Support price 
which is declared by the government before sowing is only 
a notional price which is supposed to become operational 
only when the market price sinks much below the 
procurement price. This situation rarely occurred in the 
market. The general relationship of these prices to each 
other was; support price was less than the procurement 
price; procurement price was less than the farm harvest 
price and; the farm harvest price was less than the 
wholesale price. According to Krishna(ibid. p. 17) the 
procurement prices of wheat and rice in India followed the 
market wholesale prices with a time lag.
The Food Corporation of India(FCI) was responsible 
for government marketing activities such as procurement, 
storage, processing, distribution and imports of rice. 
During periods of production shortages 'food zones• were 
created restricting transport of food from surplus zones 
to facilitate the procurement of FCI. This was done away 
with as the national supply situation improved. By 
creating barriers, the policy implication was that the 
government believed that it could do a more efficient job 
in distribution than the free market. Another implication 
of this policy was that the government depressed farm
prices below the level it would have achieved under free 
market conditions. This developed a basic contradiction 
in government rice policies. On the one hand it was 
attempting to increase production by providing subsidized 
inputs, but on the other hand measures were taken to 
depress prices in areas which had a comparative advantage 
in production.
Rice Consumption Policies
During the entire period since independence, India 
has struggled to ensure adequate food supplies to its 
population at affordable prices. Subsidized food was 
distributed by the government through fair price shops and 
through ration shops. The number of such shops increased 
from 47,370 to 238,727 between 1961 and 1978(Krishna and 
Chhibber, p.54). These shops were predominantly located 
in urban areas leading government to subsidize mainly the 
urban consumers. Government food distribution was 
dominated by wheat; between 1976-80 sixty percent of 
government concessional sales were in the form of wheat.
Two analyses of food grain consumption in India has 
confirmed that per capita food consumption declined 
between 1960-77(Sarma and Roy; George). This occurred 
inspite of several years of record or near record 
production, rapid stock accumulation, rising per capita 
incomes and declining relative prices. The problem of 
distributive justice facing food policy planners is
summarized by(Janvry and Subbarao):
. .. Yet, the social side of this economic success is 
less appealing. The percentage of population consuming 
less than 2250 calories per day has remained essentially 
unchanged around 40 percent. India has not been able to 
expand the share of effective demand originating in the 
poorer 40 percent. Food self-sufficiency has been 
reached without satisfying their food needs. Key to 
this problem is the level of real income and, hence, the 
level at which food prices are set(p.l).
Foreign Trade and Stock Policies
India, on the average, was a net exporter of rice
during the last fifteen years. Food imports during this
period was mainly in the form of wheat. Wheat consisted
of 90 percent of total food imports. Rice imports to
India is a government monopoly and is coordinated by the
FCI. Along with increases in production rice buffer
stocks also increased. Large costs associated with
increased food grain buffer stocks are noted by the World
Bank(World Bank, 1986):
.. . India is currently reported to be holding more than 
3 0 million tons of grain as buffer stocks, equal to more 
than two years of sales from the fair price shop system. 
The large buffer stocks have accumulated not necessarily 
because of a conscious decision to hold stocks at this 
level, but as an unintended effect of other factors. 
The growth in food-grain output has outstripped growth 
in demand because the government has repeatedly raised
the procurement price......  A more liberal import
policy would have allowed drastic reductions in the size 
of the buffer stocks needed to meet the same 
stabilization objectives(p. 89)
Empirical Results
Estimated results from five different direct demand 
model specifications are shown in table 4.3. In the
constrained equation(l.1), only the intercept and income 
variable were statistically significant. In equation 2.2 
dummies introduced for income and exchange reserves were 
significant indicating structural instabilities in these 
variables. Equation 1.3 was estimated with lag imports as 
a regressor and equations 1.4 and 1.5 were estimated 
omitting insignificant dummy variables (statistically 
insignificant variables according to R2 criterion are 
those with t-values of less than one) in equation 1.3. 
Overall, equation 1.5 with Houthakker-Magee specification 
provided relatively superior estimates with an adjusted R2 
of 0.910. Thus, Indian rice imports are better explained 
by specifying variables as a moving average of two years. 
In other words, a dynamic specification which incorporates 
values of variables of current and preceding year seems to 
be more suitable for India.
Before analyzing the variable relationships, it is 
necessary to note that the mean of rice imports for India 
in the second period(1973-83) was negative. On the
average India exported more rice during this period than 
it imported. Although exports are considered as negative 
imports, in a mathematical sense, the export demand
response is expected to be different to import demand 
behavior. Generally, for a traditional importer of a 
commodity, the export response is likely to be more
sticky. The transition to exports is difficult in the
early years due to nondevelopment of foreign marketing 
channels and export infrastructure within the country.
Imports were inversely related to prices(PM) and 
were significant in the direct import demand models. This 
indicates that India was in a position to vary rice 
imports in response to international prices. Rapid 
increases in domestic wheat production and the 
availability concessional wheat imports also may have 
helped this trend. The relationship of imports to income 
was positive, in the first period but negative in the 
second. This may be due to increased substitution of 
imports for domestic production in the second period.
In contrast, exchange reserves were negatively 
related in the first period and positive in the second 
period. Indian foreign exchange reserves are largely tied 
up with agricultural exports. Therefore a weather related 
disruption in crop production will lead to decreases in 
export earnings and foreign reserves. But as this 
disruption equally affects rice production it is likely 
that the necessity for more imports may coincide with 
periods of low exchange reserves. By the second period 
Indian exports were more diversified and^ rice imports did 
not constitute a substantial share of total imports. PW 
was negative, indicating a complimentary relationship 
between rice imports and import prices of wheat. This 
trend is possible, firstly, as rice and wheat prices are
strongly correlated in the international markets, an 
increase in prices may result in the reduction of both 
imports. Secondly, India is a large producer of wheat, 
and higher foreign prices induce greater domestic 
production leading to increased government distribution of 
wheat and buffer stocks in the form of wheat. Net impact 
will be less rice imports as wheat is substituted in 
consumption.
In table 4.4, the demand equations 2.2 and 2.3, 
which include dummy variables for structural instability, 
provided results statistically inferior to that in 
equation 2.1 which assumes structural stability. A 
similar pattern is seen in SUR estimates(table 4.5). In 
the supply equation(2.5) all the dummy variables were 
significant. In the SUR estimates, though the dummies 
were not significant at the 10 percent level, they were 
close to or above one improving the adjusted R2 of these 
equations. As discussed earlier, this confirms that the 
aggregate demand for rice did not experience significant 
instabilities in the 1970s. In the case of the aggregate 
supply function however, the opposite was true.
Demand for rice is positively related to domestic 
prices in all models for both periods. Indian consumers 
prefer a variety of starchy staples,* rice, wheat, bajra, 
maize and millet offer many substitution possibilities. 
Therefore a sector analysis of one commodity may not
provide a complete picture of price quantity 
relationships. One reason for the positive relation can 
be the effect of extensive government food distribution 
schemes through the ration and fair price shops. On the 
average these shops distributed about eleven percent of 
food grains consumed between 1961-78. Out of these 
concessional sales 57.7 percent in the period 1966-70 and 
60 percent in 1976-80 were in the form of wheat (Krishna 
and Chhibber, pp. 50 and 55) . Government encouraged the 
consumption of wheat to reduce growing stocks. The ratio 
of opening stocks to annual issues grew from 0.17 in 1965 
to more than 2.0 by 1986. Increases in the consumer price 
of rice between 61/62 and 73/74 in rural India was 212 
percent and in urban areas 193 percent. For the same 
period wheat prices grew by 196 and 186 percent 
respectively. Per capita consumption of rice in India 
decreased at an annual rate of 0.1 percent between 1961-65 
and 1979-81 period while wheat consumption increased 
annually by 2.5 percent at the same period (International 
Maize and Wheat Improvement Center, p.29). It is obvious 
that the aggregate demand for rice is tied up with 
consumption of other cereals.
In all models income is positively related with 
demand except in SUR models where population is included 
as a regressor. This, probably, is due to
multicollinearity problems between population and income.
The relationship of lagged production to current 
production was not statistically significant and the 
relationship changed from positive to negative depending 
on the model specification. The aggregate rice supply 
function in India is influenced by various climatic 
regimes because of the extensive area involved. 
Therefore year to year variations seems to be large so as 
not to provide any definite relationships. The producer 
price ratio (V) was negative in the first period in all 
models except in the SUR model 2.1 and 2.4. In the second 
period V was positive except in the OLS model 2.5.
On the movement of prices of fertilizers with
respect to agricultural commodities Desai made the
following observation.
Fertilizer use under unirrigated conditions also grew, 
even after 1973/74 when relative prices were less 
favorable to farmers than in the previous five to eight 
years. The ratio of the index numbers of prices of 
fertilizers and agricultural commodities (base 1961/62) 
was 55 in 1973/74. It rose to 78 in 1974/75 and to 93 
in 1975/76. Then it fell to 81 in 1976/77 and 69 in 
1977/79. Between 1965/66 and 1972/73 the ratio ranged 
from 62 to 70(p.55).
It is known that the total use of fertilizer and the total 
production of rice steadily grew during the period. 
Therefore the inverse relationship of V in the supply 
relation means that this price ratio moved in an 
unfavorable manner to the farmers during this period. 
Still total fertilizer use increased. This can partially 
be due to more farmers adopting fertilizer use as a
technological innovation or because the marginal value of 
product per unit of fertilizer input was increasing. An 
increase in marginal product is likely due to expansion of 
other complementary inputs in production. The 
relationship of the producer price ratio(V) with supply is 
positive in the second period.
The technology index is positive for both periods in 
all models indicating the strong influence of irrigation 
and fertilizer use on production. The supply elasticity 
with respect to a one percent increase in technology index 
was 0.22 in the OLS model (2.5), but in the second period 
the total output response was 1.75 percent. Increased 
response of the supply function to technology makes 
technology improvement a potent policy instrument in 
agricultural development.
The reduced form models(table 4.6) are a combination 
of stable and unstable demand and supply equations 
specified in the residual models. One general feature 
observed is that many variables which were statistically 
significant in the demand and supply equations of the 
residual models become less significant in the reduced 
form import demand models. Equation 3.6 which 
incorporates population as a regressor and structural 
dummies for demand and supply provided statistically 
significant estimates. Dummies on consumer price and the 
producer price ratio were significant. The consumer price
was negatively related to imports indicating that an 
increase in consumer prices leads to less imports. The 
inverse relationship of income to imports may be because 
of the dominance of domestic supply in the substitution of 
imports. Population was significant and the inclusion of 
this variable improved the explanatory power of the 
models. QSML was negatively related to imports implying 
that increased production in the preceding year leads to a 
decrease in current imports. The technology index is 
negative and significant for the first period in equations 
3.5 and 3.6 and was negative for the second period in 
3.6.
Import Elasticities
Import elasticities were not calculated for India 
for the period 1973-83 as net rice imports for this period 
were negative. Import elasticities and confidence 
intervals for elasticities of different models are given 
in tables 4.7 and 4.8. Import elasticities with respect 
to imported rice price is in the elastic range at the 90 
percent confidence levels for the full period. This 
indicates that whenever rice prices rise in the world 
markets, India is capable of reducing imports either by 
imports of wheat, distribution from the domestic stocks of 
wheat or by dipping into rice buffer stocks. But in order 
for these policy measures to work without substantial
increases in the domestic rice prices, consumer 
substitution elasticities between rice and wheat must be 
large. The cross elasticity of rice imports with the 
import price of wheat flour is negative indicating a 
complementary relationship between rice and wheat imports. 
However the results are not conclusive since the models do 
not give any information on Indian wheat import demand 
behavior.
Import elasticity with respect to income is also 
elastic in equations 1.4 and 1.5. But the confidence 
limits ranged from negative values to positive indicating 
high standard errors of estimate. Exchange reserve 
elasticities were negative for both periods.
Import elasticities with respect to price was 
estimated for three selected residual models. These 
elasticity estimates seem to substantially vary in 
different models. There were wide elasticity variations 
in models estimated by OLS and SUR. Because the residual 
models were found to be inefficient in terms of 
forecasting imports, little reliance can be placed on 
these estimates. In the reduced form models import 
elasticity with respect to consumer price is elastic for 
the full period. This seems to be a reasonable result 
for India where the demand for food largely depends on the 
real prices, especially among low income groups. Income 
elasticity estimates are negative for the full period. In
equation 3.6 which provided the most significant estimates 
the technology index is negative and elastic for the first 
period indicating incentives to technological developments 
is a feasible way to reach self-sufficiency. Overall it 
can be seen from the confidence interval estimates that 
the elasticities estimated from direct demand models are 
marginally better than the reduced form estimates. 
Forecasting Efficiency of Models.
Quantitative measures of forecasting efficiency of 
the models(table 4.9) indicated that the residual models 
have very low R2 between predicted and observed. The 
Thiel inequality coefficient was more than one indicating 
that these forecasts were worse than the naive model of no 
change. In the reduced form models except for the 
constrained model 3.1r all other equations were superior 
to the naive model of no change. Model 3.6 provided the 
best forecasting measures in this category. Direct demand 
models provided the best overall forecasting results. 
Equation 1.5, the Houthakker-Magee specification, yielded 
an R2 of 0.934 and a Thiel inequality coefficient of 
0.545. Models 1.3 and 1.4 also provided almost identical 
measures of forecasting efficiency.
The three models with the highest R2 , were evaluated 
for qualitative forecasting efficiency. For India the 
residual models were not evaluated as they were found to 
be very inferior. Results for the models evaluated are
shown in table 4.10. Houthakker-Magee specification, a 
direct demand model, was more efficient than the other 
models.
Summary and Conclusions
Direct import demand models indicated that inclusion 
of structural instability for exchange reserves improves 
the models(eq. 1.4). The Houthakker-Magee specification, 
which takes into account the dynamic behavior of 
variables, provided better results. Domestic demand and 
supply equations indicated significant structural changes 
in the producer price ratio and the technology index(OLS 
model 2.5) in the supply response but no significant 
changes in the demand relationships. The technology index 
was evidently important in shifting the supply curve. SUR 
estimates did not improve demand and supply estimation in 
any significant manner.
In the reduced form models, equation 3.6, a model 
with unconstrained demand and supply variables and which 
included population as a regressor provided statistically 
more significant estimates. Import elasticities with 
respect to import prices were found to be in the elastic 
range for the full period. Import response to domestic 
consumer prices were also found to be elastic for the full 
period. The technology index was elastic for the first 
period. Direct demand models were more efficient in
forecasting imports and next were the reduced form models. 
Residual form models were inferior leading to the 
conclusion that imports estimated as the residual of 
demand minus supply may not satisfactorily model import 
demand behavior.
Table 4.3 India, Estimated Coefficients in the Direct Import
Demand Models.
Variables
1.1 1.2 1.3 1.4 1.5a/
Dep. Var. I HP IMP IMP IMP IMP
Intercept 1432.3 2456.8 886.3 915.3 759.7
(4.03)*** (4.11)*** (1.04) (2.27)** (3.68)***
LIMP 0.55 0.55 0.25
(2.36)** (3.43) (1.55)
PMCLLPM} -2.75 -3.53 -3.27 -3.29 -0.007
(-3.36)*** C3.01)***
_ *** 
(3.15)
_ *** 
(3.63) (3.63)***
IRfLLItO -0.38 1.31 0.64 0.62 0.0005
(0.75) (1.23) (0.65) (1.29) (2.01)*
DIRCLLDIFO -2.06 -0.005
(1.89)* (0.004)
EXCfLLEXO 0.02 -0.82 -0.516 -0.50 -0.0004
(0.38) (1.83)* (1.24) (2.76)** (3.89)***
DEXCCLLDEXO 0.90 0.522 0.51 0.0005
(1.99)* (1.22) (2.71) (3.89)***
PWCLLPW> -0.91 -20.25 -2.13 -2.43 -0.011
CO.57) (2.09)* (0.19) (1.46) (3.68)***
DPWCLLDPWJ 16.69 -0.24
(1.84)* (0.02)
Adj. R2 0.857 0.828 0.866 0.882 0.910
D.U.Stat. 1.35+ 1.43+ 1.72++ 1.72* 2.02++
F-Stat. b/ 16.80 19.61 29.63 39.88
Deg.Freedom 19 16 15 17 17
Notes:
1. Houthakker-Magee specification; relevant variables 
are in braces;
bI F-Statistic not computed when adjusted for autocorrelation.
2. Values in parentheses are absolute t ratios.
3. ***, **, *, Significant at 1%, 5%, and 10% respectively 
by two tailed t test.
4. ++, Hypothesis of no serial correlation is accepted at 
5% level.
5. +, Hypothesis of no serial correlation is indeterminate 
at 5% level.
Table 4.4. India, Coefficients of Demand and Supply in the Residual
Import Demand Models Estimated by OLS.
Variables F l A M a n / )  U a i ^a I e --- Supply Models ---L’GJTmnQ PlUQc&b
2.1 2.2 2.3 2.4 2.5
Dep Ver. QD CID QD QSM QSM
Intercept 3906.2 *563.1 -3464.0 43595 51243
(0.39) (0.04) (0.13) (5.27)*** (5.87)***
RPC 4.52
(1.44)
(0.25)
8.54
(1.02)
[0.57]
8.73
(0.72)
[0.581
DRPC -2.93
(0.51)
[0.26]
-2.83
(0.32)
[0.27]
IR 30.78 22.88 21.84
(8.78) (1.56) (0.51)
[0.66] [0.44] [0.41]
DIR 9.71
(0.54)
[0.75]
9.45
(0.35)
[0.72]
POP 6.19
(0.07)
QSML -0.21
(0.94)
-0.32
(1.48)
V -8552.B 
(0.751) 
[-0.07]
-29950
(1.97)*
[-0.27]
DV 23974
(2.02)*
[-0.04]
TC 10.24
***
(5.10)
[0.26]
16.99
(3.53)***
[0.22]
DTC -8.21
*
(1.75)
[0.32]
Adj. R^ 
D-W. Stat.
0.730
2.32++
0.706
2.32+
0.595
2.85+
0.746 
2.06+4’
0.771 
2.29+
F-Stat. a/ a/ 7.77 23.55 16.45
Deg.Freedom 21 19 18 20 18
Notes:
1. Values in parentheses are absolute t ratios and elasticities 
at means are in brackets.
2. ***, **, *, Significant at 1%, 5%, and 10% respectively
by two tailed t test.
3. ++, Hypothesis of no serial correlation is accepted at 5% level.
4. +, Hypothesis of no serial correlation is indeterminate at S %  level.
5. a/ F-statistic is not computed when corrected for autocorreltion.
Table 4.5. India, Coefficients of Demand and Supply in the Residual Import
Demand Models Estimated by Seemingly Unrelated Regression(SUR).
Variables stem of Equa 
2.2 &
2.4
2.1 & 
2.4
&y
2.1 &
2.5
2.2 & 
2.5
2.3 &
2.4
2.3 & 
2.5
Dep. Var. QD QD QD OD QD . QD
Intercept 12475 4266.8 3932.6 -590.2 5491.3 -10565
(1.03) (0.29) (0.25) (0.032) (0.30) (0.48)
RPC 1.89 4.49 8.27 10.94 7.04 9.82
(0.51) (5.54)*** (1.01) (1.21) (0.84) (1.07)
CO.11] CO.25] [0.55] [0.73] [0.47] £0.66]
DRPC -5.25 -5.37 -6.84 -6.89
(0.88) (0.83) (1.10) (1.01)
[0.14] [0.26] [0.009] [0.13]
IR 28.49 30.54 18.19 14.62 -5.49 -6.94
(5.67)*** (5.54)*** (1.19) (0.81) (0.19) (0.22)
[0.61) [0.65] [0.35] [0.28] [-0.10] [-0.13]
DIR 15.38 18.20 18.91 21.02
(0.84) (0.90) (1.00) (1.01)
[0.77] [0.75] [0.31] [0.32]
POP 60.59 58.15
(0.99) (0.85)
Adj. R2 0.640 0.647 0.602 0.610 0.575 0.583
D.U. Stat. 2.82 2.84 2.81 + 2.83+ 2.82+ 2.85+
Dep. Var. QSM QSM QSM QSM QSM QSM
Intercept 29014 3519B 31006 36814 31084 36626
(S.07)*** (5.71)*** (4.92)*** (5.59)*** (4.88) (5.50)***
QSML 0.15 0.02 0.10 -0.014 0.11 -0.005
(0.99) (0.14) (0.59) (0.90) (0.64) (0.029)
V 182.29 -11332 -762.8 -11500 -2304 -12470
(0.02) (1.07) (0.09) (1.08) (0.27) (1.16)
10.001] t-0.10] t-0.006] [-0.10] [-0.02] [-0.11]
DV 14052 13856 13177
(1.51) (1.39) (1.30)
[0.02] [0.02] [0.005]
7C 7.21 11.24 7.65 10.61 7.67 10.98
(4.77)***
**
(2.96)
_ . , _  *** 
(4.67) (2.68)** . . .  * * *  (4.64) (2.72)**
(0.18] C0.15] [0.19] [0.14] [0.19] [0.14]
DTC -4.44 -3.61 -3.85
(1.18) (0.94) (0.99)
[0.24] [0.25] [0.26]
Adj. R2 0.705 0.729 0.714 0.731 0.714 0.731
D.U. Stat. 2.56+ 2.64+ 2.51 + 2.59+ 2.53+ 2.62+
Deg.Freedom 20 19 19 18 19 18
Notes: 1. Values in parentheses are absolute t ratios and elasticities at means are
in brackets. 2. * * * t * * t *, Significant at 1%, 5%, and 10% respectively by two tailed 
t test. 3. ++, Hypothesis of no serial correlation is accepted at 5% level.
4. +, Hypothesis of no serial correlation is indeterminate at 5% level.
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Table 4.6. India, Estimated Coefficients in the Reduced Form
Import Demand Models,
Variables
3.1 3.2 3.3 3.4 3.5 3.6
Dep. Var. IMP IMP IMP IMP IMP IMP
Intercept 2311.7 2516.1 1621.6 2167.5 -2930.8 -5549.1
(1.69) (1.38) (0.94) (1.02) (1.18) (1.95)*
RPC -0.32 -0.47 -0.20 -0.24 -0.07 -0.29
(0.91) (0.94) (0.32) (0.32) (0.12) (0.50)
DRPC -0.13 -0.31 -0.80 -1.72
(0.25) (0.45) (1.41) (2.48)**
IR -0.84 -0.55 -0.32 -0.94 -3.77 -4.95
(0.58) (0.35) (0.17) (0.35) (1.88)* (2.39)**
DIR 0.07 0.80 1.76 2.56
(0.76) (0.28) (1.05) (1.18)
POP 14.27 24.73
(2.60)** (3.44)***
QSML -0.01 -0.01 -0.011 -0.012 -0.012 -0.02
(0.99) (1.04) (0.76) (0.79) (0.79) (1.42)
V 832.58 798.08 950.84 677.25 1559.8 71.45
(0.93) (0.67) (1.01) (0.46) (1.86)* (0.07)
DV 156.57 637.92 4546.7
(0.11) (0.31) (2.15)*
TC -0.19 0.06 -0,27 0.07 -1.11 -1.76
(0.43) (0.09) (0.54) (0.88) (1.76)* (2.13)*
DTC -0.34 -0.47 -0.32
(0.59) (0.48) (0.47)
Adj. R2 0.768 0.754 0.757 0.724 0.788 0.821
D.W. Stat. 1.11* 1.24 1.19 1.14 1.67+ 1.96++
F-Stat. a/ a/ a/ a/ 11.67 11.56
Deg. Freedom 18 16 16 14 15 13
Notes:
a/ F-stat not computed when corrected for autocorrelation.
1. Values in parentheses are absolute t values.
2. ***( **r * f signifcant at 1%, 5%, and 10% respectively 
by two tailed t test.
3. ++, Hypothesis of no serial correlation is accepted at 
5% level.
4. +, Hypothesis of no serial correlation is indeterminate 
at 5X level.
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Table 4.7. India.0^ Estimated Elasticities*3^  in Different Models. 
Direct Models.
Elasticity 
with respect 
to:
Period 1.1 1.2 1.3 1.4 1.5C'
PM 60-83 -2.10 -2.70 -2.50 -2.50 -1.70
IR 60-83 -1.10
60-72 1.40 0.70 1.80 1.30
EXC 60-83 0.20
60-72 -0.10 -0.60 -0.60 -0.40
PW 60-83 -0.40 -1.10 -0.90
60-72 -2.30 -0.20
Elasticity Period 2.1 & 2.3 & 2.3 &
with respect 2.5e/ 2.4f/ 2.5
to:
RPC 60-72 
Reduced Form Models.
24.7119.4] 35.8127.1] 42.9142.5]
Elasticity Period
with respect
to:
3.1 3.2 3.3 3.4 3.5 3.6
RPC 60-83 -2.4 -3.6
60-72 -0.7 -0.9 -0.3 -1.0
IR 60-83 -2.4 -1.6
60-72 0.3 -1.0 -4.0 -5.3
V 60-83 0.9 1.0 1.6
60-72 0.4 0.3 0.04
TC 60-83 -0.7 -0.9 -3.8
60-72 0.04 0.1 -1.3
Notes:
a/. Elasticities for 1973-83 were not computed as net imports were negative.
b/. All elasticities are at means; c/. Houthakker-Magee specification;
d/. SUR estimates are in brackets; e/. Demand elasticity is for full period,
f/. Supply elasticity is for full period.
Table 4.8. India, Confidence Intervals0^  for Income and Price Elasticities
in Selected Equations of the Direct Demand and Reduced Form Import
Demand Models.
Model & 
Variable
Period*5^ Price
Lower
Limit
Elasticities 
Upper 
Li mi t
!ncome 
Lower 
Limi t
Elasticities
Upper
Limit
Direct Demand Models:
1.3 PM 
IR
1960-83
1960-72
-3.88 -1.15
-1.11 2.48
1.4 PM 
IR
1960-83
1960-83
-3.73 -1.34
-0.57 4.12
1.5 LLPM 
LLIR
1960-83
1960-83
-2.44 -0.87
0.19 2.42
Reduced Form Models:
3.1 RPC 
IR
1960-83
1960-83
-6.75 2.16
-9.55 4.75
3.5 RPC 
IR
1960-72
1960-72
-4.19 3.66
-7.72 -0.34
3.6 RPC 
IR
1960-72
1960-72
-4.75 2.59
-9.10 -1.50
Motes:
a/ 90% confidence intervals by two tailed t test, 
b/ Elasticity estimates for period 1972-03 are not computed 
as mean imports are negative for this period.
Table 4.9. India, Measures of Forecasting Efficiency of Different Models
Model
p
R between 
predicted & 
observed
Mean absolute 
error
Thiel inequality 
coefficient
Di rect Imoort Demand Models:
1.1 0.S26 178.6 0.882
1.2 0.880 141.5 0.737
1.3 0.913 122.3 0.626
1.4 0.913 122.2 0.626
1.5 0.934 109.3 0.545
Residual Imoort Demand Models:^
2.1-2.4 0.007 10.0221 1606.4 [925.90] 8.911 [5.10]
2.1-2.5 0.021 [0.040] 1923.4 [1122.6] 9.272 [5.48]
2.2-2.4 0.007 [0.028] 1456.5 [947,90] 8.694 [5.34]
2.2-2.5 0.021 [0.030] 1802.9 C1115.9] 8.882 [5.78]
2.3-2.4 0.000 [0.084] 1528.7 [891.70] 9.147 [4.51]
2.3-2.5 0.005 [0.068] 1832.3 [1019.0] 8.985 [5.28]
Reduced Form Imoort Demand Models:
3.1 0.761 192.7 1.06
3.2 0.799 163.1 0.969
3.3 0.790 173.9 0.985
3.4 0.798 166.9 0.964
3.6 0.899 119.8 0.677
Notes:
a/ Forecasting efficiency of seemingly unrelated regression models 
are in brackets.
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Table 4.10. India, Qualitative Measures of Forecasting 
Efficiency in Selected Models.
Qualitative Measure Models
1.3 ' 1.5 3.6
Ratio of accurate forecasts(RAF) 0. 52 0.65 0.48
Ratio of worst forecasts(RWF) 0.17 0.09 0. 09
Ratio of accurate to worst(RAWF) 3 .00 7.50 5.50
Ratio of inaccurate forecasts(RIF) 0.31 0.26 0.43
Indonesia
Overview
Indonesia with a population of more than 162 million 
people in an area of more than two million square 
kilometers sustains the third largest rice economy in the 
world, next to China and India. Although production 
steadily increased in the last decade, growth in 
consumption demand outstripped domestic production and the 
Indonesian rice self-sufficiency ratio declined from 95 
percent in 1.969-71 period to 90 percent in the 1977-79 
period. As a result it remained one of the largest rice 
importers during this period.
Rice is by far the most important food crop in 
Indonesia. Cassava, maize and sweet potatoes are the 
substitute crops in production. Growth in Indonesian rice 
sector was hampered in the 1960s due to political 
instability in the country and rampant inflationary 
tendencies in the economy. Since 1969 rice production 
grew steadily and rapidly. It has grown at the rate of 5 
percent a year during the period 1969-85 and at an even 
more impressive rate of 6 percent between 1977 and 1985. 
This growth was primarily due to yield increases which 
contributed 3.8 percent per year for the full period and 5 
percent after 1977(Rosegrant et al. p.11).
Consumption patterns for rice in Indonesia are 
subject to wide regional variations. Generally, higher
income urban groups in Java consumed more rice than the
rural populations outside Java. Maize substituted for
rice as a less preferred diet for the rural poor. These
trends indicate that aggregate rice consumption is likely
to grow further as incomes increase in Indonesia(Dixon,
p.42) . Wheat was imported at lower prices than rice but
it did not become accepted by the general population until
the 1970s(Barker, Herdt with Rose, p.250).
National Rice Policies
Indonesian national food policy objectives may be
summarized as(Mears, 1981)
(1) fulfillment of the basic needs, especially for 
staple foods; (2) more equitable distribution of income 
in rural areas; (3) increased rural employment and job 
opportunities; (4) increased opportunity to undertake 
agrobusiness, especially among economically weaker 
groups and women; and (5) spreading of food production 
more widely throughout the country (p.386).
These objectives basically emphasize community development 
and equity considerations. However another interpretation 
has it that Indonesia's agricultural policies were more 
sharply focussed on rice availability and prices than on 
community development ob j ectives (Barker, Herdt with 
Rose,p.249). Timmer and Falcon(1975, p. 403) suggest that 
because of the many thousands of miles of coastline in 
Indonesia, the smuggling potential is so great that it is 
not possible to raise consumer prices much higher than the 
price for Thai, Burmese or Chinese rice. According to 
them price policies cf Thailand and Burma were a major
constraint on any Indonesian attempt at self-sufficiency 
via price policies. This partly explains the low rice to 
fertilizer price ratio in Indonesia.
Production and Marketing Policies
Even before the introduction of high yielding 
varieties average rice yields in Indonesia were increasing 
as a result of extension service programs aimed at rice 
intensification programs. These programs(BIMAS) which 
started in the early 1960s were extended and reorganized 
towards the late 1960s, and provided modern farm inputs 
through village productivity centers. They distributed 
seed, fertilizer, farm credit, research and extension 
information to farmers.
A key policy instrument in the expansion of rice 
production has been a large subsidy on fertilizer relative 
to border prices. The paddy-urea price ratio nearly 
doubled between 1974 and 1984. Such a policy may have 
been made possible partly by increasing government 
revenues associated with oil exports. Since 1984 however 
this price ratio has declined, presumably, due to success 
in eliminating imports, accumulation of sizable rice 
stocks and government financial difficulties. Other 
incentives to rice production in the 1970s and 80s 
included investments in expansion and improvement of 
irrigation, improvement in research capabilities for 
development of rice varieties adopted to local conditions,
rice intensification programs to encourage dissemination 
of new technologies and inputs, rice price support and 
s t a b i l i z a t i o n  policies and investments in rural 
infrastructure.
By the second half of the 1970s Indonesia developed 
well integrated marketing channels for procurement and 
distribution of rice. The present marketing system works 
to provide nationwide distribution of common rice 
varieties at prices rarely differing area and time-wise by 
more than handling and holding costs(Mears, 1981, p. 94). 
This is no small achievement for a country so dispersed 
with more than 3 000 islands. BULOG (The National Food 
Stock Authority) , was created in 19 67 as the government 
arm in marketing food products. Its functions included 
maintenance of floor prices through purchases of rice, 
stabilization of consumer prices either through release of 
stocks or imports and maintenance of buffer stocks.
BULOG's functions in maintaining consumer ceiling 
prices changed over time. In the early 1970s, faced with 
foreign exchange shortages to import rice and with rapid 
inflation, the main function was to issue rice at 
concessionary prices to the military, civil servants and 
in some urban centers. But as conditions improved, BULOG 
has developed an elaborate system of floor prices, margins 
and ceiling prices to reflect transport and storage costs.
Foreign Trade and Stock Policies
BULOG is the monopoly organization for import of 
food grains to Indonesia. With production increases rice 
imports have declined considerably. More recently 
Indonesia exported rice at large subsidies in order to 
draw down building of domestic stocks(Rosegrant et al. 
p.4) . Although relatively large buffer stocks are 
necessary for Indonesia because of its physically 
dispersed islands, carrying these stocks involve heavy 
costs. A new set of policy issues confront the Indonesian 
rice sector as it enters the threshold of self- 
sufficiency.
Empirical Results
Estimated results of the direct demand models(table 
4.11) indicate that structural instability needs to be 
incorporated into the models to obtain satisfactory 
results. The explanatory power of the regressions 
improved markedly, from an adjusted R2 of 0.18 in equation 
1.1 to 0.727 in equation 1.3. In equation 1.2 structural 
dummies were introduced to all domestic variables. 
Equation 1.3 was estimated omitting the dummy for income 
which was statistically insignificant. This equation, 
which included structural dummies for exchange reserves 
and imported price of wheat flour, provided the best 
statistical results. Equations 1.4 which include lagged 
imports as a dependent variable and the Houthakker-Magee
specification(eq. 1.5) did not improve estimated results. 
Significance of structural dummies confirm the wide 
ranging changes that took place in the Indonesian economy 
in the last two decades. First, it went through a period 
of political and economic instability in the early 19 60s 
and rapid economic growth associated with increasing oil 
revenues in the early 1970s. The Indonesian economy 
experienced yet another recession in the early 1980s with 
falling oil prices.
Imports were negatively related to import prices. 
These coefficient estimates were statistically close to 10 
percent significance in two equations, 1.2 and 1.3, which 
incorporated structural instabilities. Unlike most other 
Asian countries where rice imports steadily declined with 
the growth in domestic production Indonesian rice imports 
went through a period of low imports(1966-72), then a high 
import period(1973-80), and finally a period of declining 
imports since 1981. The first low import period was 
associated with economic instability and foreign exchange 
constraints; the high import period coincide with rising 
incomes and with increased export earnings; and the 
declining trend in imports in the early 1980s was due to 
increased production with Indonesia reaching near self- 
sufficiency levels. Throughout, real incomes increased 
resulting in an inverse relationship between imports and 
income. No significant instability was observed in
income.
Foreign exchange reserves were positive and
significant in both periods indicating that a favorable 
balance of payments situation leads to an increase in rice 
imports. In the second period, the foreign exchange 
situation improved while the Indonesian rice import 
requirements declined. This effect is picked up by a 
negative value in the dummy variable.
The relationship between rice imports and wheat 
prices were negative and significant in the first period
indicating that wheat and rice imports were complementary.
Rice and wheat prices in the world markets are positively 
correlated and foreign exchange was a binding constraint 
on Indonesian imports during this period. Therefore it is 
possible that when wheat prices were increasing rice 
imports, which are also now more expensive, had to be 
reduced. In the second period this relationship turns out 
to be positive indicating rice and wheat imports were 
substitutes. It is likely that the improved foreign 
exchange situation in the second period was responsible 
for this change. Unlike in other developing countries 
wheat consumption in Indonesia did not change
dramatically. In 1968 per capita wheat consumption was 
only 3.3 kg. compared to 96.5 kg. for rice and in 1978 
relationships remained practically unchanged with 4.1 kg. 
for wheat and 123.4 kg. for rice(Dixon, p.8).
Aggregate demand and supply responses as given in
table 4.12 also indicated that structural instabilities
need to be incorporated in the estimation process. All
dummy variables specified in the demand(2.2) and
supply(2.4) equations were statistically significant. The
consumer price(RPC) was inversely related in the first
period but it was positive in the second. This positive
relation may be due to a number of changes that took place
in the Indonesian food scene in recent times. Consequent
to a decline in oil revenues and other export earnings
government food subsidies were reduced and two currency
devaluations were effected in the 1980s. Elimination of
food subsidies may have affected rice prices most,
increasing its price relative to other substitutes such as
maize, soybean, cassava and sweet potatoes. The effect of
these policies on rice is noted by Evans.
Indonesia's remarkable success in increasing rice output 
since the 1960's resulted in its becoming a rice 
exporter in the mid-1980's. However, rice output 
declined slightly in 1986 and may not increase in 1987. 
Per capita rice output and consumption had consistently 
trended higher until leveling off since 1984(p.230).
Income is positively related to imports in both 
periods. Although significant structural instabilities 
were not shown in the income variable when specified in 
the direct import demand models, it was unstable in the 
domestic demand model. Adding population as a regressor 
increased the adjusted R2 of the regression but did not
improve the statistical significance of income and price 
coefficients indicating multicollinearity problems in this 
specification.
In the supply equations lagged production was
positively correlated with current production suggesting
partial adjustment of factors that influence the annual
supply response. The coefficient values of QSML are high
and statistically significant indicating that year to year
rice production in Indonesia is quite stable. Producer
price ratio(V) was positive for both periods. This shows
that the aggregate rice supply function is responsive to
prices. Rosegrant et al. observe the effect of input
output pricing policies of the Indonesian government on
rice production:
Fertilizer subsidies have been one of the main
instruments used by the government to stimulate
agricultural growth and rice production in particular. 
The government subsidy to fertilizer allowed a steady 
decrease in real prices of fertilizer from 1970 through 
1984. With a slight decrease in the real floor price of 
paddy, the paddy/urea price ratio increased from about
1.00 in the mid 1970’s to nearly 2.00 in the early
1980’s(p.20).
The technology index for Indonesia represents the 
total amount of fertilizer used in the country. Data on 
irrigation were not available. Total fertilizer use in 
the country was inversely related to rice production in 
the first period. Reasons for this relationship are not 
clear, but as Indonesia had a well managed plantation 
sector it is possible that the bulk of the fertilizer used
was in this sector. Further, as only seven
observations(1966-72) were available for the first period 
these estimates may be less reliable. A positive 
relationship in the second period indicates the influence 
of increased fertilizer use coupled with other 
complementary inputs such as irrigation and improved seed 
varieties on the supply response. SUR estimates(table 
4.13) indicated that equations 2.2 & 2.4 and 2.2 & 2.5
provided statistically superior results.
In the reduced form import demand models(table 4.14) 
equation 3.1 had the lowest adjusted R2 . The best 
statistical fit was provided by equation 3.6 which 
incorporated population as a regressor, constrained demand 
and unconstrained supply variables. However this model 
showed a high degree of autocorrelation even after 
correcting for first order autocorrelation. Equation 3.5 
with unstable demand and stable supply variables provide 
the next best results. In this model none of the 
structural dummies were statistically significant 
indicating the relationships of domestic economic 
variables differ substantially when specified as 
regressors in domestic demand and supply models and when 
specified as explanatory variables in import demand 
models.
Domestic consumer prices are inversely related with 
imports, suggesting that an increase in prices will lead
to a decline in domestic demand leading import 
requirements to be less. The negative income coefficient 
may be due to the strong declining trend in imports 
associated with domestic production. QSML is negative and 
statistically significant showing that current volume of 
imports were inversely dependent on the performance of the 
last year's harvest. The producer price and the 
technology indexes which are theoretically expected to be 
inversely related with imports are positive in most 
models. One reason that can be thought of as influencing 
this result is that large volumes of rice imports in 
Indonesia coincided with the period of improved export 
earnings. Therefore increased capacity to import was 
essentially due to increased income. This is the same 
period during which the government was capable of 
supporting higher subsidies on fertilizer inputs and on 
other agricultural products. If these were the 
adjustments that took place in Indonesia both V and TC 
can turn out to be positive. Indonesia was a large scale 
importer of fertilizer. With foreign exchange available, 
it is likely that Indonesia imported large quantities of 
fertilizer and rice at the same time.
Import Elasticities
Import elasticities at means and confidence 
interval estimates for income and price elasticities are 
shown in tables 4.15 and 4.16 respectively. Import
elasticities with respect to PM is in the range of -0-81 
and -0.43. Ten percent confidence interval estimates are 
also basically in the negative region. This negative 
relationship is brought about only when import demand 
models include structural dummies. Import elasticities 
with respect to income is negative bringing forth already 
noted relationships. Exchange reserve elasticities were 
positive and were in the elastic range for the second 
period. This indicates that the Indonesian import policy 
decisions were more relaxed and responsive to the changing 
exchange reserves situation. For example, in equation 1.4 
a one percent increase in foreign exchange in the second 
period led to a 1.72 percent increase in rice imports. In 
the first period cross price elasticity of wheat with 
rice imports indicates a complementary relationship and is 
in the elastic range. In the second period it is 
inelastic and indicates a substitute relationship.
Price elasticities in the residual models indicated 
that imports became less responsive to domestic prices in 
the second period but the underlying reasons for this 
change cannot be adequately explained without more 
information. Elasticities of domestic demand and supply 
and the proportion of imports in total demand and supply 
affect the magnitude of these elasticities.
Elasticities with respect to RPC was negative and in 
the elastic range in the reduced form models for the full
period as well as for the two sub-periods. In the 
residual and reduced form models price elasticity 
decreased in the second period. This means the 
effectiveness of consumer prices as a policy instrument to 
control imports diminished over time. Taking results of 
the domestic demand elasticities into consideration it may 
be possible to conclude that, as per capita incomes 
increased in Indonesia, price elasticity for the staple 
food decreased resulting in decreased import elasticities 
as well. Income elasticities are negative and in the 
elastic range throughout. The fact that even 90 percent 
confidence levels of income elasticities are in the 
negative range indicate the strong inverse relationship 
between imports and income.
Forecasting Efficiency of Models
Quantitative measures of forecasting efficiency 
(table 4.17) indicate that the residual model performance 
was less satisfactory than that of other models. Only two 
models which included population and structural 
instability were better than the prediction of no change. 
SUR estimates were marginally better than OLS models. 
Equations l.l which assumed structural stability and 1.5, 
Houthakker-Magee specification which incorporate dynamic 
relationships provided relatively poor forecasts in the 
direct demand models. The other three models provided 
almost identically efficient forecasts. Equation 1.4
which included lagged imports and dummy variables for EXC 
and PW was marginally better. Reduced form models 
provided most efficient forecasts. Equation 3.6 provided 
the best forecast. In all model types equations which 
assumed structural stability in both demand and supply
variables provided the least satisfactory forecasts.
Three models were selected for evaluation of 
qualitative forecasting efficiency measures and the 
results are shown in table 4.18. In terms of accurate 
forecasts model 1.4 was best with 90 percent of the time 
correctly forecasting the trend or the turning points. 
Equation 3.6 had 58 percent accurate forecasts but no
worst forecasts.
Summary and Conclusions
Inclusion of structural instability into both demand 
and supply variables improved domestic demand and supply
models as well as import demand models. Import
elasticities indicated that the domestic consumer price 
was an effective policy instrument that can be used to 
control rice imports. This mainly is likely because of 
the availability of close starchy staple substitutes in 
Indonesia. In terms of forecasting efficiency the reduced 
form and direct demand models performed better than the 
residual form models.
Table 4.11 Indonesia, Estimated Coefficients in the Direct Import
Demand Models.
Variables
1.1 1.2
nuuci a -1
1.3 1.4 1.5a/
Dep. Var. IMP IMP IMP IMP IMP
Intercept 1341.6 4412.7 4438.7 4749.0 2140.1
(2.11)* (6.50)**
***
(6.69)
. i ~ . * ieh
(4.96) (1.25)
LIMP -0.17 0.20
(0.73) (0.40)
PMULPM) 3.27 -2.72 -2.82 -2.33 -0.005
(1.61) (1.65) (1.75) (1-32) (0.71)
IRCLLIR> -0.08 -0.07 -0.11 -0.12 -0.0000002
(1.95)* (1-05)
, _ *** 
(4.62)
... — ^ *** 
(3.92) (0.25)
DIRCLLDIR} -0.04
(0.68)
EXCCLLEXC) 0.43 2.40 2.91 3.17 0.0042
(2.21)** (2.09)* (3.40) (3.37)*** (1.94)*
DEXCCLLDEXC} -1.91 -2.44 -2.62 -0.0043
(1.67) (2.95)** (2.98)** (1.97)*
PWCLLPU) 0.17 -33.69 -26.92 -28.46 -0.25
lAr*' ***
(0.03) (2.86) (4.45) (4.38) (1.25)
DPWULDPU> 35.94 28.52 30.15 -0.23
(2.96)**
- - — *** 
(5.63) (5.37)*** (1.13)
Adj. R2 0.180 0.715 0.727 0.717 0.416
D.W.Stat. 1.50+ 1.57* 1.53* 1.34* 1.67*
F-Stat. 2.04 7.80 9.41 7.86 2.93
Deg.Freedom 15 12 13 12 12
Notes:
1. Houthakker-Magee specification; relevant variables 
are in braces.
2. Values in parentheses are absolute t ratios.
3. ***, **, *, Significant at 1%, 5%, and 10% respectively 
by two tailed t test.
4. ++, Hypothesis of no serial correlation is accepted at 
5% level.
5. +, Hypothesis of no serial correlation is indeterminate 
at 5% level.
Table 4.12. Indonesia, Coefficients of Demand and Supply in the Residual
Import Demand Models Estimated by OLS.
Variables --- Supply Models ---3* iu nvuc i o
2.1 2.2 2.3 2.4 2.5
Dep Var. QD GD GD QSM QSM
Intercept 12435 7919.6 -15125 2920.2 3746.4
(6.39)***
***
(3.92) _ ■_ **(2.57) (2.72)** (3.55)***
RPC -21.31
(2.81)**
[-0.25]
-17.16
_
(2.87)
[-0.34]
-5.80
(1.14)
[-0.12]
DRPC 24.18
(3.49)
[0.06]
8.86
(1.43)
[0.03]
IR 0.31
(17.24)***
[0.543
0.52 
_ *** 
(5.91)
[0.68]
0.21
(2.08)*
[0.27]
DIR -0.23
**
(2-70)
[0.56]
-0.10
(1.57)
[0.56]
POP 215.82
(4.03)***
QSML 0.66
(5.69)***
0.61 
(5.78)
V 3029.5
(1.89)*
[0.09]
9699.5
(3.05)
[0.23]
DV -7703.4
**
(2.31)
[0.06]
TC 2.48
(2.14)*
[0.11]
-6.80
(1.80)*
[-0.14]
DTC 10100
**
(2.54)
[0.161
Adj. R2 0.967 0.981 0.991 0.983 0.987
D.U, Stat. 1.48* 2.00++ 2.51 + 2.31++ 2.50+
F-Stat. 279.49 244.11 396.92 369.00 284.93
Deg.Freedom 17 15 14 16 14
Notes:
1. Values in parentheses are absolute t ratios and elasticities 
at means are in brackets.
2. ***, **, *, Significant at 1%, 5%, and 10% respectively
by two tailed t test.
3. ++, Hypothesis of no serial correlation is accepted at
5 X level.
4. +, Hypothesis of no serial correlation is indeterminate
at 5% level.
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Tabte 4.15. Indonesia, Coefficients of Demand and Supply in the Residual Import
Demand Models Estimated by Seemingly Unrelated Regression(SUR).
Variables
2.1 & 
2.4
2.1
2.5
System of Equations - 
2.2 & 2.2 &
2.4 2.5
2.3
2.4
2.3 & 
2.5
Dep. Var. 
Intercept
RPC
DRPC
IR
DIR
POP
Adj. R2 
D.U. Stat. 
Dep. Var. 
Intercept
QSML
DV
TC
DTC
QD
12191
(6.28)*'
-20.26
*1(2.68)
[-0.24)
0.31
(17.13)*
[0.54]
Adj. R2 
D.U. Stat. 
Deg.Freedom
0.967
1.42+
QSM
3387.6
(3.26)*
0.62
(5.55)
2430.3
(1.58)
[0.07]
3.06
(2.73)*
[0.13]
0.983 
2.16++ 
16
QD
12307
(6.12)**
-20.76
(2.65)**
[-0.24]
0.31
(16.57)*
[0.54]
0.967 
1.45*
QSM
4079.1
(4.13)**’
0.59
(5.91)***
9002.7
(3.04)**'
£0.22]
-7415.7
(2.39)**
[0.05]
-6.08
(1.72)
[-0.13]
9.68
(2.64)**
[0.191
0.987
2.34+
15
QD
7961.4
(4.04)
-16.91
(2.90)**
[-0.34]
23.48 
_ 1**1 
(3.48)
[0.06]
0.51 **■*(6.00)
[0.67]
- 0.22
(2.69)
[0.55]
0.981
1.99++
QSM
3127.4
(2.89)*
0.64
(5.48)*
2844.7
(1.76)*
[0.61]
2.72
(2.32)*
[0.08]
0.983 
.++2.25 
15
QD
7947.7
(3.89)*’
-17.16
(2.82)
[-0.34]
24.02
(3.41)
[0.06]
0.52
(5.79)**’
[0.67]
- 0.22
(2.63)**
[0.55]
0.981
2.00++
QSM
3769.5
(3.63)
0.61
(5.86)***
9611.8*+*
(3.08) 
[0.23] 
-7623.3 
(2.32)** 
[0.06] 
-6.71 
(1.80)* 
£0.14] 
9.92
(2.57)**
£0.17]
0.987
2.49+
14
QD
-15282
(2.76)*’
-5.50
(1.16)
[-0 . 1 1 1
7.86
(1.36)
[0.02]
0.20
(2.11)*
[0.26]
-0.096
(1.54)
[0.20]
218.03
(4.33)**’
0.991
2.51+
QSM
2924.4
(2.67)** 
0.67
(5.68) 
2565.2 
(1.60) 
[0.08]
2.55
(2-15)'
[0.11]
0.983 
.++2.30'' 
15
QD
-15215
(2-59)*'
-5.71
(1.13)
[-0 .11]
8.09
(1.32)
[0.02]
0.20
(1.99)*
£0.26]
-0.096
(1.46)
[0.19]
217.17
(4.08)
0.991
2.51+
QSM
3707.5
(3.52)
0.62
(5.86)**'
9180.8
(2.90)**
£0.22]
-7298.4
(2.20)**
[0.06]
-6.32
(1.6 8)
[-0.13]
9.50 
(2.43)** 
[0.16] 
0.987
2.51 +
14
Notes: 1. Values in parentheses are absolute t ratios and elasticities at means are 
in brackets. 2. ***, **, *, Significant at 1%, 5%, and 10% respectively 
by two tailed t test. 3. ++, Hypothesis of no serial correlation is accepted at 5% 
level. 4. +, Hypothesis of no serial correlation is indeterminate at 5% level.
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Table 4. 14. Indonesia, Estimated Coefficients in the Reduced Form
Import Demand Models.
Variables
3.1 3.2 3.3 3.4 3.5 3.6
Dep. Var. IMP IMP IMP IMP IMP IMP
Intercept 4127.1 5152.8 5622.7 5640.9 -3324.7 -18173
(2.10)*
_  ftftft
(3.43) (3.88)*** (3.56)*** (0.73)
. ★ ft ft
(3.34)
RPC -10.01 -9.51 -9.18 -9.11 -6.54 -3.41ft ** ft* *
(2.00) (2.55) (2.72) (2-50) (2.00) (1.51)
DRPC -1.09 -1.43 -3.00 -2.64
(0.25) (0.30) (0.74) (1.10)
IR -0.001 -0.15 -0.20 -0.19 -0.21 -0.17
(0.01) (1.70) (1.71) (1.51) (2.05)* (2.40)**
DIR 0.08 0.11 0.08 -0.14
(1.50) (1.30) (1.67) (1.83)*
POP 90.47 232.01
(2.04)* (4.44)***
QSML -0.17 -0.09 -0.13 -0.15 -0.29 -0.43
(1.42) (1.00) (1.35) (1.38) (2.52)**
* *  *** 
(4.60)
V 3721.5 2638.9 4203.8 3946.9 3346.3 -2907.6__ ft*
(2.95) (1.25) (3.96)*** (1.72) (3.24)*** (1-49)
DV 2444.1 -116.57 7865.9
-0.27 (1.18) (0.05) (3.87)***
TC (0.12) 1.55 1.85 2.81 1.79 1.97
(0.61) (1.16) (1.08) (1.26) (1.20)
DTC 0.76 -1.63 1.88
(0.29) (0.56) (0.89)
Adj. R2 0.365 0.653 0.717 0.673 0.777 0.889
D.U. Stat. 1.56+ 2.53+ 2.43+ 2.41 + 2.18+ 3.03
F-Stat. 3.18 6.11 7.88 5.34 9.25 a/
Deg. Freedom 14 12 12 10 11 9
Notes: 
a / 
1. 
2.
3.
F-stat. not computed when corrected for autocorrelation. 
Values in parentheses are absolute t values.
***, **, *, Signifcant at 1%, 5%, and 10% respectively 
by two tailed t test.
++, Hypothesis of no serial correlation is accepted at 
5% level.
■»-, Hypothesis of no serial correlation is indeterminate 
at 5% level.
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Table 4.15. Indonesia,Estimated Elasticities^ in Different Models.
Direct Models.
Elasticity 
with respect 
to:
Period 1.1 1.2 1.3 1.4 1.5a/
PM 66-85 0.94 -0.79 -0.81 -0.67 -0.43
IR 66-85 -2.42 -3.45 -3.93 -0.23
66-72 -1.78
73-85 -3.73
EXC 66-85 1.07
66-72 0.66 0.80 0.87 0.17
73-85 1.50 1.45 1.72 -0.05
PW 66-85 0.02
66-72 -4.47 -3.57 -3.77 -2.56
73-85 0.23 0.17 0.17 -0.25
Residual Form Models.c^
Elasticity Period 2.2 & 2.3 & 2.3 &
with respect 2.4d/ 2.4d/ 2.5
to:
RPC 66-72 -8.7C-8.5] -4.2 [-3.8] -6.81-6.44]
73-85 -0.41-0.30] -1.01-1.0] -0.5 [ 0.01]
Reduced Form Models.
Elasticity Period 3.1 3.2 3.3 3.4 3.5 3.6
with respect
to:
RPC 66-85 -2.14 -2.02
66-72 -3.65 -3.62 -2.60 -1.36
73-85 -1.66 -1.70 -1.54 -0.97
IR 66-85 -0.03 -4.83
66-72 -5.15 -5.02 -5.52 -4.32
73-85 -3.89 -2.69 -4.40 -10.19
V 66-85 1.88 2.12 1.69
66-72 1.20 1.80 -1.34
73-85 2.63 1.98 2.57
TC 66-85 -0.21 1.40 1.36
66-72 0.60 1.10 0.77
73-85 1.99 1.02 3.32
Notes:
a/. All elasticities are at means; b/. Houthakker -Magee specificationi;
c/. SUR estimates are in brackets; d/. Supply elasticity is for full period
Table 4.16. Indonesia, Confidence Intervals8^  for Income and Price Elasticities
in Selected Equations of the Direct Demand and Reduced Form Import
Demand Models.
Model & Period Price Elasticities Income Elastic)ties
Variable Lower Upper Lower Upper
Limit L imi t Limit Limit
Direct IDemand Models:
1.2 PM 1966-85 -1.61 0.04
IR 1966-72 -4.68 1.1
1972-85 -7.59 0.33
1.3 PM 1966-85 -1.62 -0.01
IR 1966-85 -4.73 -2.21
1.4 PM 1966-85 -1.55 0.21
IR 1966-85 -5.67 -1.89
Reduced Form Models:
3.3 RPC 66-72 -6.00 -1.34
73-85 -2.86 -0.43
IR 66-72 -10.7 0.26
73-85 -6.93 -0.99
3.5 RPC 66-72 -4.88 -0.36
73-85 -2.65 -0.41
IR 66-72 -9.88 -1.04
73-85 -7.26 -1.32
3.6 RPC 66-72 -2.90 0.19
73-85 -1,63 -0.30
IR 66-72 -7.54 -1.30
73-85 -14.52 -5.94
Notes:
a/ 90% confidence intervals by two tailed t test.
Table 4.17. Indonesia, Measures of Forecasting Efficiency of Different Models
Model R between Mean absolute Thiel inequality
predicted & error coefficient
observed
Direct Imoort Demand Models:
1.1 0.352 411.9 0.830
1.2 0.820 202.4 0.444
1.3 0.813 215.0 0.447
1.4 0.821 221.5 0.434
1.5 0.631 381.3 0.644
Residual Imnort Demand Models:^-
2.1-2.4 0.06010.851] 691.71648.4] 1.3911.31]
2.1-2.5 0.060[0.074] 630.81597.0] 1.25 [1.20]
2.2-2.4 0.30410.315] 530.91523.0] 1.1211.11]
2.2-2.5 0.28610.287] 568.5 [566.8] 1.0811.08]
2.3-2.4 0.45010.488] 437.9 [424.2] 0.92[0,86]
2.3-2.5 0.43610.458] 453.2[439.8] 0.92 [0.90]
Reduced Form Imoort Demand Models :
3.1 0.532 367.6 0.725
3.2 0.781 240.4 0.490
3.3 0.821 188.31 0.448
3.4 0.828 181.7 0.440
3.5 0.871 187.8 0.370
3.6 0.908 156.0 0.326
Notes:
a/ Forecasting efficiency of seemingly unrelated regression models
are in brackets.
Table 4.18. Indonesia, Qualitative Measures of
Forecasting efficiency in Selected Models.
Qualitative Measure
1.4
Models
2.3 &2.4 
(SUR)
3.6
Ratio of accurate forecasts(RAF) 0.90 0.37 0.58
Ratio of worst forecasts(RWF) 0. 05 0.21 0. 00
Ratio of accurate to worst(RAWF) 17.00 1.75 —
Ratio of inaccurate forecasts(RIF) 0. 05 0.42 0.42
134
The Republic of Korea
Overview
After a period of self-sufficiency in the early 
1960s, the Republic of Korea(ROK) emerged as a leading 
importer of rice in the 1970s. At present ROK is near 
self-sufficiency again, but occasional bad weather related 
crop failures forces it to import rice in some years. Of 
the countries included in this study ROK is unique in many 
respects. It is now the most industrialized country of 
the group with agriculture accounting only for 14 percent 
of the gross domestic product. It had the fastest rate of 
growth in per capita incomes and is likely to be the first 
country in this group to substitute, for starchy staple 
grains, livestock products in substantial proportions in 
the diet.
The amount of land suitable for rice production is 
limited in the ROK, and production sometimes is affected 
by cold weather. More than 80 percent of the rice 
cultivation is done under irrigated conditions and the use 
of fertilizer and other inputs is among the highest in 
Asia. Rice yields increased to about 6.5 tons per hectare 
in the 1970s mainly due to adoption of modern seed 
varieties and intensive use of other inputs. In the ROK 
the high yielding varieties(HYV) and traditional 
varieties(TV) of rice are two distinct products because of
consumer preferences. The main component of growth in the
rice sector in the last decade was associated with
increased area under HYV varieties. These varieties
became popular on account of its relatively high yields
and because of government patronage. Traditional
varieties (TV) are however a close substitute as farmers
prefer it on the ground that these are less risky to grow
under uncertain weather conditions; further in the
consumer markets these varieties fetch higher prices.
Barley is the other major substitute crop in production
and consumption in the ROK.
National Rice Policies
Two distinct phases can be discerned in ROK rice
policies in the last two decades. In the 1960s, the major
vehicle to economic development was regarded as fast
industrialization of the country. During this period the
objective was to keep rice prices low, as it was
considered a wage good. This aspect of the government
policy between 1962 and 1971 is described by Moon:
Historically the government's major emphasis in rice 
policy was directed towards maintaining low prices for 
u rban consumers and p r e v enting wide seasonal 
fluctuations rather than maintaining adequate prices to 
support farm incomes. ... Because of the major role of 
rice in the Korean economy, low rice prices were 
regarded as one of the most effective tools in achieving 
price stability.
These policies led to the widening of income 
disparities between the urban and the rural sector
resulting in large scale rural to urban migration.
Further, P.L.480 U.S. grain imports available to Korea
between 1955 and the late 1960s ceased, making food
imports a large burden on an already troubled balance of
payments position. Consequently, a new rice policy
evolved in the 1970s and the major objectives of this
policy were (FAO,1983):
.... (1) to achieve self-sufficiency in basic cereals;
(2) to maintain farm incomes at an adequate level in 
relation to the level of urban incomes; (3) to stabilize 
consumer prices throughout the year; (4) to maintain an 
adequate level of stocks to ensure the stability of 
grain supplies from year to year(p.61).
Production and Marketing Policies
As in many other Asian countries, major production 
incentives in the ROK included: development of rural
infrastructure; introduction and dissemination of HYV; 
timely supply of fertilizer; extension service programs; 
and the maintenance of relatively high farm prices. In 
the 197 0s the government made progressively large 
investments in the rice sector in the form of irrigation 
facilities and rural development. Because of the need to 
increase domestic rice supply, production of HYV was 
encouraged. In order to stimulate production and move 
towards self-sufficiency in rice, the government of 
Korea(GOK) has provided price supports only to HYV since 
1976. Domestically produced fertilizer is sold to farmers 
at guaranteed prices which are significantly higher than
international prices (Braverman, Ahn and Hammer,p.5). 
This is a tax on rice producers and constitutes a subsidy 
to the fertilizer industry.
In terms of agricultural pricing policies ROK 
followed a progressively favorable policy to agriculture 
in the 1970s. For example, the relative protection ratio 
between agricultural and manufacturing sectors, which in 
1968 was 1.18, increased to 1.36 in 1982 (World Bank,1986,
p.62) .
Government procurement prices for rice are set by 
taking into account the production cost, parity prices, 
non-farm price indices and other economic factors. The 
procurement price increased rather slowly. Only 6 percent 
in real terms in the 1970s but the 1980/81 price 
converted to U.S. currency was $ 645/ton. This was one of 
the highest rice procurement prices in the world (FAO, 
1983, p.64). The share of government procurement varied 
from 10-23 percent of production between 1969-80 with 
procurement prices being marginally above open market 
prices. There is a dual market for rice in the ROK, with 
government selling procured and imported rice through the 
National Agricultural Cooperative(NACF) and the private 
sector handling the remainder. The government release 
price to consumers is less than the cost thereby the 
government subsidizing rice consumption. This difference 
is paid by the government Fund for Grain Stabilization.
Rice consumption Policies
Cereals as a whole provide 68 percent of the 
calories in the average Korean diet and rice alone 
provides 49 percent of the total(table 4.2). Apart from 
rice the other important staple in Korea is barley which 
can be grown in less fertile land and in colder climates. 
Korea is self-sufficient in barley and often consumes it 
mixed with rice or wheat which are regarded as superior 
substitutes. Under these circumstances rapid income 
growth is associated with even faster growth in rice 
consumption but some government interventions may have 
dampened its growth. These measures included: mixing of 
barley with rice prior to sale of government stocks; 
compulsory riceless days; the requirement that restaurants 
should not sell rice two days of the week; limiting the 
serving size of rice in restaurants; and mixing rice with 
barley in school lunches. Presumably as a result of 
these policies, per capita rice consumption fell from 134 
kg in 1973 to as low as 120 kg in 1976. With the 
improvement in domestic production these measures were 
relaxed in 1977. Consumption of barley declined sharply 
after the relaxation of regulations.
Foreign Trade and Stocks Policies
The Korean market is dominated by medium grained 
Japonica rice varieties. Major rice exporters to the ROK 
were the U.S., particularly medium grain rice from
California. Although ROK is self-sufficient at present 
occasional poor harvests create shortages necessitating 
imports. As the sources of supply in the world market for 
Japonica rice is limited these shortfalls often influence 
world prices for these varieties. The general stock 
policy of the government is to maintain adequate rice 
throughout the year in order to stabilize prices and to 
ensure buffer stocks in times of national disasters. In 
the 1970s, whenever the domestic production in total 
consumption was high, ROK maintained relatively large 
stocks of rice.
Empirical Results
Results of direct demand model estimates(table 4.19) 
show that the explanatory power of the regressions improve 
as structural dummies are incorporated into the models. 
However compared to other countries in the study the 
overall R2 of regressions is relatively low for ROK. The 
highly variable nature of rice imports to the ROK may be 
one of the reasons for this result. The adjusted R2 of 
the stable model, 1.1 is negative indicating that the 
explanatory power of this regression is zero. Equation
1.3 which included a dummy variable for income provided 
the best estimates. PM was positive indicating that 
import prices were not a major determinant in rice imports 
to Korea. Import demand behavior may have been guided in 
large part by domestic requirements. It is conceivable
for world prices to rise when Korea enters the market for 
large imports of Japonica rice. Although the positive 
price relationship leads to some speculation along these 
lines the models are not adequate to reach definite 
conclusions in this respect.
Income is positively related in the first period 
with imports and in the second period shows an inverse 
relationship. The trend in the first period is 
understandable. During this period incomes were rising? 
government policy was to keep the rice prices low and; the 
average calorie intake of Koreans were still at a stage of 
increasing cereal consumption. All these factors 
contribute to increased consumption. Demand may have 
outstripped domestic production making larger imports 
necessary. The result in the second period may have been 
due to two reasons. Firstly, increased production 
steadily substituted for rice imports. Government 
policies to curtail consumption may have further 
accentuated this trend. Secondly, with fast increases in 
income the diets were being diversified more in favor of 
livestock products. Such a process will invariably lower 
rice consumption which forms a major component of the 
diet. Exchange reserves were positively related with rice 
imports and did not show significant instabilities. Price 
of wheat flour was significant and positively related to 
rice imports indicating that wheat acted as a substitute.
Incorporation of lagged imports or the Houthakker-Magee 
specification did not improve model results.
The demand and supply equations estimated by 
OLS(table 4.20) improved with inclusion of structural 
dummies. In the demand models both price and income 
variables indicated significant instabilities. In 
equations 2.2 and 2.3, consumer price was negatively 
related to demand in the first period but it was positive 
and statistically significant in the second period. 
Equation 1.1 showed it as positive and significant for the 
full period, probably the effect of the second period 
overwhelming the relationship of the first period. Added 
purchasing power, and the strong preference for rice as a 
superior cereal, may have resulted in the positive 
relationship between price and demanded quantities. 
Relaxation of rice consumption controls since 1977 by the 
government also may have helped this trend. Strong 
consumer preference and the inelastic nature of demand to 
price may have been the reason that the Korean government 
focused on statutory controls on rice consumption rather 
than resorting to price policies. Elasticity estimates 
for the two periods confirm this view.
Income was positively related to demand in both 
periods and the structural dummies were statistically 
significant. Income elasticities of demand became less 
elastic in all OLS and SUR models in the second period.
This is consistent with the idea that income elasticity 
for staple foods decreases as incomes increase. 
Population was negative and significant. This seems to be 
the result of multicoilinearity problems that were evident 
between RPC in the second period IR and population.
In the supply equation (2.5) lagged production is 
positively related to current production indicating the 
nature of partial adjustment of the annual rice supply 
response. Producer price relationships to supply in both 
periods were negative. Unlike many other Asian rice 
economies ROK could not maintain a subsidized fertilizer 
price to farmers below the world price. This was firstly 
because Korea produced urea out of naphtha rather than 
from natural gas, the cheaper source. Naphtha prices rose 
along with oil price increases. Secondly, the ROK entered 
into disadvantageous joint ventures and were obliged to 
purchase these fertilizer products(Braverman, Ahn, and 
Hammer, p.5). These developments made the producer price 
ratio an ineffective instrument in Korean rice policy 
except at great budgetary costs. Since however government 
guarantees to the fertilizer industry are binding only up 
until 1986 the situation is expected to change after that.
The technology index was positive and the structural 
dummy statistically significant. This may represent the 
government's policy shift in the 1970s to encourage 
domestic production. The main thrust of the government
policy was to invest in irrigation and in the 
dissemination of modern seed varieties. In all models the 
technology index was more elastic in the second period 
making it a more potent policy instrument for achieving 
government's rice sector policy objectives.
In the reduced form models (table 4.22) variable 
relationships were not clearcut or statistically 
significant as they were in the demand and supply models. 
Equation 3.1 which assumed structural stability in demand 
and supply had the lowest adjusted R2 and 3.2, with stable 
demand and unstable supply, had the highest adjusted R2. 
Consumer price was negatively related in the first 
period(except 3.2) to imports and in the second period it 
was positive. This corresponds to the same relationship 
observed between domestic demand and price in the residual 
models indicating the strong influence prices have on 
imports and total consumption. Even though large 
increases in domestic production occurred in the second 
period, growth in rice demand outstripped domestic supply 
and influenced import demand.
The relationship of income to imports was positive 
for both periods suggesting that import substitution was 
slower than in other countries. Population was negatively 
related to imports, but statistically was not significant. 
QSML was negative and consistently significant indicating 
that rice imports were dependent on the size of preceding
year's crop. The producer price ratio was positively 
related to imports and the technology index was inversely 
related. Both these were statistically insignificant.
Estimates of import elasticities and confidence 
levels are given in tables 4.23 and 4.24 respectively. 
In the direct demand models cross price elasticity of 
wheat flour is in the elastic range implying substitution 
possibilities for rice with wheat flour. These 
elasticities may be picking up the government1s attempts 
to substitute rice imports with cheaper wheat flour 
imports. Elasticity estimates in the residual models are 
too unstable to make any conclusions. In the reduced form 
models income elasticities are in the elastic range 
indicating income growth was a major factor that 
contributed to the increase in imports.
Forecasting Efficiency of Models
Quantitative measures of forecasting efficiency of 
models (table 4.25) show that the best overall results 
were obtained from the reduced form models. Out of these 
models, equation 3.6, which incorporated unconstrained 
demand and supply variables, performed better than the 
others. The residual import demand models, equations 2.3-
2.4 and 2.3-2.5, were the next most satisfactory models in 
terms of forecasting efficiency. SUR estimates provided 
more efficient estimates than OLS indicating that the 
error terms were contemporaneously correlated in the
demand and supply models. Three models, one from each 
type, were evaluated for qualitative measures of 
forecasting efficiency. The results are shown in table 
4.26. The reduced form model 3.6 performed better than 
the others.
Summary and Conclusions
Occasional weather related crop failures compel the 
ROK to import large quantities of rice in some years. 
Therefore some of the standard models do not provide 
regressions with high R2s. Further, government policies 
influence production, consumption and import decisions at 
every phase. Growth in demand associated with increased 
incomes seems to be the main factor influencing 
consumption and imports. The rice supply function 
exhibited two distinct phases in the 1960s and the 1970s 
mainly due to government policy shifts. As ROK's demand 
is for glutinous rice marked shortfalls in production may 
not be easily met from imports since the world supply of 
this type of rice is often limited.
Tabte 4.19. The Republic of Korea, Estimated Coefficients in the Direct
Import Demand Models.
Variables
1.1 1.2 1.3 1.4 1.5a/
Dep. Var. IMP IMP IMP IMP IMP
Intercept -52.7 -1814.2 2040.2 -1966.5 -327.2
CO.16) (1.89)* (3.17)*** (2.94)*** (1.10)
LIMP 0.12 0.04
(0.58) (0.13)
PMCLLPM) 2.54 0.14 0.18 -0.31 0.001
CO.92) (0.06) (0.08) (0.12) (0.14)
IRfLLIR> 0.02 0.099 0.10 0.09 0.000003
(0.38) (1-01) (2.50)** (2.11)* (1.48)
DIRCLLDIR} -0.15 -0.15 -0.14 -0,000004
(1.42) (3.38) (3.14)*** (1.88)*
EXC(LLEXC) -0.07 0.68 0.54 0.55 0.0002
(0.19) (0.34) (1.59) (1.58) (1.25)
DEXCCLLDEXO -0.14
(0.07)
PWCLLPIO -3.17 12.93 16.11 16.79 0.03
(0.48) (0.95) (2.07)* (2.09)* (0.84)
DPWCLLDPW) 2.77
(0.31)
Adj. R2 -0.046 0.257 0.338 0.311 0.114
D.U.Stat. 1.60+ 2.28+ 2.34+ 2.56+ 1.93+
F-Stat. 0.76 2.09 3.25 2.66 1.47
Deg.Freedom 18 15 17 16 16
Motes:
1. ajf Houthakker-Magee specification; relevant variables 
are in braces.
2. Values in parentheses are absolute t ratios.
3. ***, **, *, Significant at 1%, 5%, and 1054 respectively 
by two tailed t test.
4. ++, Hypothesis of no serial correlation is accepted at 
5% level.
5. +, Hypothesis of no serial correlation is indeterminate 
at 5% level.
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Table 4.20. The Republic of Korea, Coefficients of Demand and Supply in the Residual
Import Demand Models Estimated by OLS.
Variables --- Supply Models ---04 IU n u u c  I 3
2.1 2.2 2.3 2.4 2.5
Dep Var. QD QD QD QSM QSM
Intercept 2590.2 2434.5 9677.8 2716.5 2457.2
fc . ★ "A*
£3.44) (3.37)*** £1.78)*
ifc ifc A
(5.81) (4.93)***
RPC 1.74
(0.77)
[0.19]
-0.02
£0.01)
[-0.02]
-2.04
(0.78)
[-0.21]
DRPC 2.54
£2.04)*
[0.28]
3.21
£1.87)*
[0.68]
-
IR 0.05
£2.65)
[0.23]
0.15
£4.75)
[0.35]
0.38
* *
£2.14)
[0.91]
DIR -0.10
(3.03)***
[0.25]
-0.30
£2.02)*
[0.51]
POP -289.5
£1.35)
QSML 0.46
* * *
(3.08)
0.34
* *
(2.35)
V -3233.1
£4.22)
[-0.59]
-1034.3
(0.88)
[-0.18]
DV -3570.6
(2.31)**
[-0.85]
TC 3.95
(4.99)*** 
[0.49] '
1.61
(1.18)
[0.15]
DTC 5.16 
(2.35)** 
[1.00]
Adj. R2 0.735 0.806 0.811 0.793 0.825
D.W. Stat. 2.20++ 2.15++ 2.24+ 2.23++ 2.42+
F-Stat. 31.56 a/ a/ 29.09 21.81
Deg.Freedom 20 18 17 19 17
Notes:
1. Values in parentheses are absolute t ratios and elasticities 
at means are in brackets.
2. ***, **, *, Significant at 1%, 5%, and 10% respectively 
by two tailed t test.
3. ++, Hypothesis of no serial correlation is accepted at 5% level.
4. +, Hypothesis of no serial correlation is indeterminate 
at 5% level.
5. a/ F-statistic is not computed when corrected for autocorrelation.
Table 4.21. The Republic of Korea, Coefficients of Demand and Supply in the Residual
Import Demand Models Estimated by Seemingly Unrelated RegressionCSUR).
Vari ables X t — h a*
.
oybvviii ui ctjupv i uiio
2.1 & 2.1 & 2.2 & 2.2 & 2.3 & 2.3 &
2.4 2.5 2.4 2.5 2.4 2.5
Dep. Var. QD QD QD QD QD QD
Intercept 3306.7 2977.1 3180.1 2936.7 13975 13917— — 
(4.87)
***
(4.00) (4.28)*** (3.45)*** (2.71)** (2.31)**
RPC -0.28 0.69 -2.00 -1.16 -5.34 -4.63
CO.14) (0.30) (0.93) (0.47) (2.19)** Cl.60)
[-0.03] [0.07] [-0.20] [-0.12] [-0.54] [-0.47]
DRPC 3.26 3.24 11.66 11.79
(2.14)** (1.90)* (2.72)** (2.38)**
[0.14] [0.23] [0.70] [0.79]
IR 0.06 0.06 0.15 0.14 0.50 0.49
***
<3.S3) (2.95)***
_ *** 
(3.91) (3.06)*** (2.93)**
* *
(2.48)
[0.28] [0.25] [0.35] [0.33] [1.18] [1.17]
DIR -0.11 -0.11 -0.39 -0.39
(2.52)** (2.10)*
„ ** 
(2.77)
**
(2.37)
[0.24] [0.20] [0.63] [0.60]
POP •426.2
(2.09)*
-433.2
(1.82)*
Adj. R2 0.723 0.729 0.750 0.756 0.768 0.772
D.W. Stat. 2.30++ 2.27++ 2.74+ 2.72* 2.57* 2.54*
Dep. Var. QSM QSM QSM QSM QSM QSM
Intercept 2437.5 2485.1 2371.9 2415.4 2501.8 2490.5
(5.76)*** (5.48)*** (5.67)*** (5.16)*** (5.99)***
_ *★* 
(5.32)
QSML 0.59 0.43 0.56 0.43 0.55 0.44
(4.53)*** (3.26) (4.27)*** (3.15)*** (4.31)*** (3.22)***
V -3084.7 -1443.3 -2844.7 -1534.9 -3167.8 -1916.2
(4.69)*** (1.38)
. Hr**
(4.43) (1.46) (4.96)*** (1.83)*
[-0.56] [-0.26] [-0.52] [-0.27] [-0.57] [-0.34]
DV -2534.4
(1.84)*
[-0.74]
-2289.4
(1.65)
[-0.71]
-2037.0
(1.49)
[-0.74]
TC 3.19 1.37 3.21 1.82 3.50 2.25
(4.59)*** (1.12)
***
(4.61) (1.44) (4.93)*** (1.77)*
[0.39] [0.13] [0.39] [0.17] [0.43] [0.21]
DTC 3.96
(2.02)*
[0.79]
3.46
(1.74)*
[0.78]
3.03
(1.55)*
[0.78]
Adj. R2 0.779 0.816 0.782 0.816 0.785 0.813
D-W.Stat. 2.49+ 2.43+ 2.48+ 2.45* 2.44* 2.43*
Deg,Freedom 19 18 18 17 18 17
Dotes: 1. Values in parentheses are absolute t ratios and elasticities at means are
in brackets. 2. ***, **( Significant at 1!!, 5%, and 10% respectively by two tailed
t test. 3. ++, Hypothesis of no serial correlation is accepted at 5% level.
4. +, Hypothesis of no serial correlation is indeterminate at 5% level.
Table 4.22. The Republic of Korea, Estimated Coefficients in the Reduced Form
Import Demand Models.
Variables
3.1 3.2 3.3
o
3.4 3.5 3.6
Dep. Var. IMP IMP IMP IMP IMP IMP
Intercept 1771.4 865.6 969.2 1066.1 6353.9 10768
(1.63) (0.80) (0.87) (0.91) (0.96) (1.28)
RPC -0.84 0.28 -0.04 -0.47 -1.90 -3.57
(0.40) (0.14) (0.01) (0.18) (0.57) (0.96)
DRPC 1.04 1.11 5.87 9.24
(0.47) (0.47) (0.94) (1.25)
IR 0.05 0.05 0.12 0.18 0.31 0.72
(1.81)* (2.17)** (2.15)** (0.77) (1.32) (1.39)
DIR -0.08 -0.14 -0.23 -0.61
(1.34) (0.57) (1.18) (1.30)
POP -218.3 -390.6
(0.82) (1.16)
QSML -0.88 -0.87 -0.81 -0.89 -0.79 -0.90
_ .. *** ». - * ★** . *** ’k-k* Idtir
(3.91) (3.96) (3.92) (3.75) (3.73) (3.81)
V 2058.7 2595.9 1628.1 2355.0 2060.9 2403.6
(2.38)** (1.98)* (1.97) (1.44) (2.09)* (1.49)
DV -1529.0 -1276.5 -528.2
(0.91) (0.65) (0.26)
TC 0.05 0.52 -0.16 -2.24 -0.90 -7.60
(0.05) (0.34) (0.12) (0.44) (0.54) (1.11)
DTC 0.79 3.22 7.54
(0.33) (0.56) (1.12)
Adj. R2 0.494 0.582 0.576 0.537 0.567 0.549
D.W. Stat. 1.74+ 1.69+ 1.80+ 1.66+ 1.90++ 2.04++
F-Stat. 5.30 5.37 5.28 3.84 4.60 3.68
Deg. Freedom 17 15 15 13 14 12
Notes:
1. Values In parentheses are absolute t values.
2. ***, **, *, Signifr.ant at 1%, 5%, and 10% respectively 
by tHO tailed t test.
3. ++, Hypothesis of no serial correlation is accepted at 
5% level.
4. +, Hypothesis of no serial correlation is indeterminate 
at 5% level.
Table 4.23. The Republic of Korea, Estimated Elasticities®/ in Different ModeLs. 
Direct Models.
Elasticity 
with respect 
to:
Period
1.1 1.2 1.3 1.4 1.5®/
PH 61-83 1.60 0.09 0.11 0.19 0.20
IR 61-83 0.80
61-72 3.00 3.10 2.80 0.80
73-83 -3.20 -2.90 3.20 -2.10
EXC 61-83 -0.20 1.62 1.70 1.10
61-72 0.80
73-83 2.30
PW 61-83 -1.00 5.00 5.20 1.30
61-72 3.30
73-83 5.50
Residual Form Models
Elasticity Period 2.2 & 2.3 & 2.3 &
with respect 2.4d/ 2.4d/ 2.5
to:
RPC 61-72 6.713.6] 4.31-0.1] -0.5C-1.9]
73-83 8.5[6.4] 12.6112.6] -1.0115.1]
Reduced Form Models.
Elasticity 
with respect 
to:
Period 3.1 3.2 3.3 3.4 3.5 3.6
RPC 61-83 -1.00 0.30
61-72 -0.05 -0.60 -2.40 -4.60
73-83 1.10 0.70 4.50 6.40
IR 61-83 2.30 2.60
61-72 3.70 5.50 9.30 21.40
73-83 2.80 3.20 5.10 6.90
V 61-83 3.90 3.10 3.90
61-72 5.40 5.00 5.10
73-83 1.90 1.90 3.40
TC 61-83 0.10 -0.20 -1.10
61-72 0.60 -2.40 -8.10
73-83 1.80 1.40 -0.10
Notes:
a/. All elasticities are at means; b/. Houthakker-Magee specification; 
c/. SUR estimates are in brackets; d/. Supply elasticity is for full period
Table 4.24. The Republic of Korea, Confidence Intervals for Income and Price
Elasticities in Selected Equations of the Direct Demand and Reduced Form
Import Demand Models.
ModeL & Period 
Variable
Price Elasticities 
Lower Upper 
Limit Limit
Income Elasticities 
Lower Upper 
Limit Limit
Direct Demand Models:
1.2 PM 1961-83 -2.54 2.72
IR 1961-72 -2.06 7.99
1973-83 -14.73 8.29
1.3 PM 1961-83 -2.33 2.56
IR 1961-72 0.99 5.17
1973-S3 -7.77 1.83
1.4 PM 1961-83 -2.85 2.47
IR 1961-72 0.54 5.08
1973-83 -8.15 1.83
Reduced Form Models:
3.2 RPC 1961-83 -3.00 3.52
IR 1961-83 0.39 3.65
3.3 RPC 1961-72 -5.41 5.31
1973-83 -3.13 5.38
IR 1961-72 0.75 6.61
1973-83 -3.60 9.16
3.5 RPC 1961-72 -9.77 4.90
1973-33 -7.66 16.5B
IR 1961-72 -2.75 21.96
1973-83 -16.43 26.54
Notes:
a/ 90% confidence intervals by two tailed t test.
Table 4.25. The Republic of Korea, Measures of Forecasting Efficiency of Different
Models
Model R between 
predicted & 
observed
Mean absolute 
error
Thiel inequality 
coefficient
Direct Import Demand Models:
1.1 0.145 356.8 0.818
1.2 0.493 399.7 0.622
1.3 0.489 278.1 0.624
1.4 0.499 272.8 0.620
1.5 0.356 300.0 0.709
Residual Import Demand Models:^-
2.1-2.4 0.25310.350] 380.21344.9] 0.804 [0.723]
2.1-2.5 0.205 [0.299] 409.3[358.3] 0.85710.762]
2.2-2.4 0.459[0.548] 301.41255.6] 0.66310.603]
2.2-2.5 0.366[0.454] 309.1 [270.3] 0.754 [0.667]
2.3-2.4 0.545[0.621] 266.5 [244.1] 0.605[0.552]
2.3-2.5 0.428[0.539] 280.51260.6] 0.696[0.602]
Reduced Form Import Demand Models :
3.1 0.609 271.1 0.529
3.2 0.715 239.0 0.463
3.3 0.711 230.6 0.468
3.4 0.727 233.1 0.459
3.5 0.725 223.2 0.450
3.6 0.754 228.8 0.432
Notes:
a/ Forecasting efficiency of seemingly unrelated regression models
are in brackets.
Table 4.26. Republic of Korea, Qualitative Measures of
Forecasting Efficiency in Selected Models.
Qualitative Measure Models
1.4 2.3-2.5 
(SUR)
3 . 6
Ratio of accurate forecasts(RAF) 0.41 0.59 0.64
Ratio of worst forecasts(RWF) 0. 05 0.14 0.00
Ratio of accurate to worst(RAWF) 9.00 4.33 —
Ratio of inaccurate forecasts(RIF) 0. 54 0.27 0.36
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Malaysia
Overview
Rice is almost the exclusive staple food crop grown 
in Malaysia. Absence of any other close substitutes is a 
notable feature. Malaysia imported about 20 percent of 
its rice requirements during the last two decades. 
Although domestic rice production increased steadily 
during that era no dramatic reductions in imports were 
evident. This was mainly because of rapid consumption 
growth associated with relatively higher rates of income 
growth and the recognition by the government that it is 
not efficient for the Malaysian rice sector to be totally 
self-sufficient.
National Rice Policies
The major objectives of Malaysian rice policy were: 
to reduce dependency on world rice markets; to save 
foreign exchange and, to increase welfare of rice 
farmers(Barker, Herdt with Rose, p.252). The rice 
policies pursued by the Malaysian government, over time, 
were generally producer biased. Domestic prices were 
maintained above world prices by restricting imports. 
Several reasons can be adduced for this producer biased 
policy. First, is the desire to increase rice production 
and to insulate food supply from the uncertainties in the 
world market. Second, since independence Malaysia has
maintained a strong policy commitment to improving the 
welfare of the rural population. In 1970 when the 
Malaysian 'poverty household' were categorized it was 
skewed towards rural families who were mainly rice 
farmers. Third, rice emerged as a 'political crop* not 
only because of its strategic importance in consumption 
but also because its production is almost exclusively 
identified with the po l i t i c a l l y  powerful Malay 
community(Goldman, p.252). Fourthly, as per capita 
incomes were higher in Malaysia compared to other Asian 
neighbors, the government was able to increase producer 
prices at the expense of consumers with less social 
pressures.
Production and Marketing Policies
Malaysia invested heavily in irrigation during the 
last fifteen years in order to increase rice production. 
Between 1950 and 1970 about 30 percent of total government 
expenditures on agriculture and rural development was on 
irrigation programs. As a result, the total production 
increased, but more importantly the off season crop 
increased relatively faster narrowing off season rice 
price differentials. It increased from 5 percent to 40 
percent of the annual crop between 1962 and 1972. In 
order to encourage application of modern inputs fertilizer 
was issued at subsidized prices. Adoption of modern 
varieties was faster than in other Asian countries. Since
1980, Malaysia implemented a policy of providing enough 
free fertilizer for growers to plant up to six acres of 
paddy.
Price protection given to local production by 
restricting imports remained the main plank in pricing 
policies. Further, government was the buyer of last 
resort for rice if market prices fell below target support 
levels. Because Malaysia borders Thailand, large 
disparities in rice market prices between the two 
countries encourages smuggling. Thus, cheaper Thai rice 
prices act as a constraint on Malaysian rice pricing 
policies.
Rice Consumption Policies
The stabilization of consumer prices was only a 
secondary objective in the Malaysian food policy. Total 
per capita rice consumption in Malaysia is likely under 
estimated. In other words, the extent of self-sufficiency 
may be over stated due to smuggled rice from neighboring 
Thailand but for which there is no good measure. Although 
rice imports were restricted to support producer prices 
wheat flour was freely imported into Malaysia making 
substitution of wheat cheaper in the diet.
Rice stockpiles are maintained by the government 
mainly as a strategic reserve against unexpected shortages 
in the market. Goldman notes that attempts are generally 
made to maintain an inventory of 4.6 pounds of rice per
person per week for a period of three months. These 
levels are subject to variations depending on domestic and 
world market conditions.
Empirical Results
The direct demand models(table 4.27) indicate that 
the explanatory power of the constrained model(1.1) is 
very poor but it improves with the inclusion of dummy
variables. The dummies on income and the price of wheat 
flour were significant(eq. 1.3). The addition of lagged
imports did not improve model results(eq.1.4). The
Houthakker-Magee specification provided the highest 
adjusted R2 and statistically significant estimates for 
most coefficients.
In this equation, lagged imports and PM were
negatively related to current imports, but were not 
statistically significant. Income was inversely related 
to imports in the first period but was positively related 
in the second period. In both cases it was statistically 
significant. As income was steadily increasing in both 
periods the inverse relationship in the first period may 
be the result of import substitution. The result in the 
second period is likely to be due to faster growth in 
demand outstripping domestic production. The exchange 
reserve relationship to imports was stable and negative. 
Malaysia is one of the few countries in Asia which did not 
experience foreign exchange constraints in rice imports
(Islam). In all models price of wheat flour was positive 
in the first period indicating wheat was a substitute for 
rice imports. In the second period it showed a negative 
relationship.
In the demand and supply equations(table 4.28) all 
the dummy variables on income and consumer prices were 
significant at one percent level of significance. 
Consumer price is negatively related in the first period 
with demand but is positive in the second period. In the 
1970s consumer prices of rice was allowed to increase as a 
production incentive. Therefore it is conceivable that 
even with an increase in prices the aggregate demand for 
rice increased, especially in the absence of any other
important domestic staple crop. Income was positive in 
both periods indicating that demand for rice increases
with income growth. However the income elasticity of
demand decreased from 0.63 in the first period to 0.09 in 
the second indicating the general trend of diversification 
of diets as incomes increase and the reduced share of the 
dominant starchy staple in the average diet. The
population variable was insignificant in equation 2.3.
In the supply equation(2.5) lagged production was 
positively related to current production. Producer price 
was negatively related in the first period and was 
positive in the second period but both were statistically 
insignificant. The producer price ratio for Malaysia was
derived by dividing the producer price by the consumer 
price index. Fertilizer prices were not available for 
Malaysia.
The technology index was positively related for both 
periods and the dummy statistically significant. 
Elasticity of supply with respect to technology decreased 
in the second period indicating that the effectiveness of 
technology to increase production is declining. In other 
words this implies that rice cultivation in Malaysia may 
be moving into more marginal lands. In the SUR 
models(table 4.29) no significant improvement in results 
were noticeable.
In the reduced form import demand models(table 
4.30), equation 3.2 with constrained demand variables and 
unconstrained supply variables provided the regression 
with the highest adjusted R^. Even in this equation 
however only the intercept term and the producer price was 
statistically significant. All coefficient estimates of 
supply variables; QSML, V, DV, TC, DTC were negative 
indicating an inverse relationship of domestic supply on 
imports.
Import elasticity estimates and confidence intervals 
are given in tables 4.31 and 4.32. Elasticities in the 
reduced form models indicate that while consumer prices 
and incomes were inelastic the producer prices and the 
technology index were elastic with respect to imports,
especially in the second period. With high per capita 
incomes in Malaysia an inelastic demand for the staple 
food can generally be expected. The supply variables 
become more elastic in the second period indicating that 
further substitution of imports with domestic production 
is possible.
Forecasting Efficiency of Models
R e d uced form import demand models provided 
relatively more efficient quantitative measures of 
forecasting efficiency(table 4.33). Equation 3.6, which 
included unconstrained demand and supply variables 
provided, the best estimates. In the direct demand models 
equation 1.5 which incorporated a dynamic specification 
and structural dummies for income and price of wheat flour 
yielded the best estimates. Residual demand models were 
the least efficient. SUR estimates provided marginally 
better estimates than the OLS estimates.
Three models were evaluated for qualitative 
forecasting efficiency. The results are given in table 
4.34. Houthakker-Magee specification(l.5) provided 59 
percent of accurate forecasts but 9 percent of worst 
forecasts. The reduced form model(3.6) provided 50 
percent accurate forecasts with no worst forecasts.
Summary and Conclusions
Rice policies in Malaysia were more oriented towards 
producers in the last two decades. The Houthakker-Magee
specification provided more statistically significant 
estimates. In the aggregate demand and supply functions 
dummies for the consumer price, income and the technology 
index were found to be significant. Unconstrained models 
improved the explanatory power of the regressions. 
Forecasting efficiency of the reduced form and direct 
demand models were better than that of residual models.
Table 4.27. Malaysia, Estimated Coefficients in the Direct Import
Demand Models.
Variables
1.1 1.2 1.3 1.4 1.5a/
Dep. Var. IMP IMP IMP IMP IMP
Intercept 538.6 91.2 69.6 59.2 255.1
LIMP
(3.74)*** (0.44) (0.34) (0.28)
0.06
(0.26)
(2.08)*
-0.08
(0.35)
PKCLLPM> -0.33 -0.02 0.17 0.16 -0.0005
(0.50) (0.03) (0.23) (0.21) (0.32)
IRCLLtfO -0.01 -0.0002 -0.01 -0.01 -0.0000005
(1.26) (0.01) (1.62) (1.24) (2.37)**
DIRCLLDIR} 0.02
(0.85)
0.03
(3.70)***
0.03
(3.21)
0.000001
(3.47)***
EXCCLLEXW 0.10 -0.43 -0.14 -0.14 -0.00005
DEXCCLLDEXO
(0.98) (1.08)
0.29
(0.76)
(1-31) (1.28) (1-84)*
PWCLLPW} 0.65 7.06 
_ *mr
8.05 7.62
**
0.059
(0.39) (2.56) (3.35) (2-56) (2.78)
DPWfLLDPlO -7.56
(2.39)**
-8.93
(3.49)
-8.52
(2.78)**
-0.065
(2.71)**
Adj. R2 0.036 0.418 0.434 0.399 0.469
D.W.Stat. 1.44+ 1.93++ 1.93++ 1.99++ 2.12++
F-Stat. 1.20 3.26 3.81 3.08 3.78
Deg.Freedom 18 15 16 15 15
Notes:
1. Houthakker-Magee specification; relevant variables 
are in braces.
2. Values in parentheses are absolute t ratios.
3. ***, **, *, Significant at 1%, 5%, and 10% respectively 
by tuo tailed t test.
4. ++, Hypothesis of no serial correlation is accepted at 
5% level.
5. +, Hypothesis of no serial correlation is indeterminate 
at 5% level.
Table 4.28. Malaysia, Coefficients of Demand and Supply in the Residual
Import Demand Models Estimated by OLS.
Variables n A m a n r t  M n r i o  1 e ---------- Supply Models ---U C l l l a l l U  D O U C l o
2.1 2.2 2.3 2.4 2.5
Dep Var. QD QD QD QSM QSM
Intercept 984.5 1309.4 1143.1
(3.23) *** (5.02)*** (2.40)** 164.0 585.0
RPC 0.14
{0.46)
[0.10]
-0.88
* * *
(2-69)
[-0.65]
-0.88
**
(2.62)
[-0.65]
(1.18) (0.97)
DRPC 1.01
(5.32)***
[0.09]
0.94 
_ _ . 
(3.51)
[0.04]
1R 0.01
(3.72)
[0.21]
0.05
•kirk , k k k
(6.48)
[0,63]
0.0399
(2.05)*
[0.53]
DIR -0.04
(5.39)***
[-0.09]
-0.04____ ***
(3.32)
[-0.001]
POP 30.9
(0.42)
QSML 0.57
(3.30)***
0.22
(1.08)
V 0.24
(1.41)
[0.23]
-0.08
(0.13)
[-0.88]
DV 0.34
(0.94)
£0.44]
TC 0.59
(1.48)
[0.07]
4.47
(2-74)**
[0.25]
DTC -3.82
(1.81)*
[0.121
Adj. R2 0.800 0.861 Q.854 0.852 0.888
D.W. stat. 1.57++ 1.41 + 1 -40+ 1.74++ 2.06++
F-Stat. a/ 35.0 26.8 43.1 36.0
Deg.Freedom 20 18 17 19 17
Notes:
1. Values in parentheses are absolute t ratios and elasticities 
at means are in brackets.
2. ***, **, *, Significant at IX, 5%, and 10% respectively 
by two tailed t test.
3. ++, Hypothesis of no serial correlation is accepted at 5 %  level.
4. +, Hypothesis of no serial correlation is indeterminate at 5% level.
5. a/ F-statistic is not computed when corrected for autocorrelation.
Table 4.29. Malaysia, Coefficients of Demand and Supply in the Residual Import
Demand Models Estimated by Seemingly Unrelated Regression(SUR).
Variables System of Equat 
2.2 &
2.4
2.1 & 
2.4
2.1 & 
2.5
2.2 & 
2.5
2.3 &
2.4
2.3 & 
2.5
Dep. Vor. QD QD QD 00 QD QD
Intercept 698.8 635.5 1442.7 1419.9 995.0 1013.7
_ Hr** 
(2.86) (2.50)** (6.08)***
, *** 
(6.22) (2.35)** (2.48)**
RPC 0.42 0.49 -0.95 -0.99 -0.95 -1.00
(1.68) (1.87)* (3.15)*** (3.47)*** (3.22)*** (2.56)***
[0.29] [0.34] [-0.70] [-0.73] [-0.70] [-0.74]
DRPC 0.98 1.05 0.77 0.86
_ _. *** _ *** __ ***
(5.52) (5.95) (3.28) (3.69)
[0.02] [0.04] £-0.12] [0.09]
IR 0.01 0.01 0.043 0.047 0.022 0.028
_ *** _ _ *** _. *** ***
(5.98) (5.74) (6.27) (6.55) (1.27) (1.61)
[0.22] [0.21] [0.57] [0.63] [0.29] [0.37]
DIR -0.040 -0.044 -0.030 -0.035
_ ^ . *** 
(5.29)
_ ***
(5.70) (2.81)** (3.25)***
[0.08] [0.08] [-0.22] [-0.20]
POP 86.37 78.61
(1.32) (1-21)
Adj. R2 0.665 0.665 0,855 0.854 0.843 0.848
D.W. Stat. 0.7 7 0.80 1.35+ 1.41 + 1.34+ 1.40+
Dep. Var. QSM QSM QSM QSM QSM QSM
Intercept 265.5 645.0 209.8 732.0 207.1 660.3
(1.98** (1.15) (1.50) (1-45) (1.46) (1.31)
QSML 0.43 0.17 0.48 0.13 0.51 0.20
_ __ , ** *** ***
(2.74) (0.91) (2.91) (0.77) (3.04) (1.14)
V 0.24 -0.096 0.26 -0.18 0.23 -0.14
(1.47) (0.17) (1.53) (0.34) (1.34) (0.28)
[0.23] [-0.10] [0.25] [-0.19] £0.23] t-0.15]
DV 0.33 0.40 0.35
(1.00) (1.32) (1.17)
[0.21] [0.20] [0.19]
TC 0.88 4.35 0.79 4.86 0.73 4.41
(2.33)** (2.85)** (2.04)* (3.47)*** (1.B3)* (3.07)
[0.11] [0.24] £0.99] [0.271 [0.09] [0.24]
DTC -3.60 -4.16 -3.76
(1.83)* (2.33)** (2.09)*
[0.14] [0.13] [0.12]
Adj. R2 0.845 0.887 0.848 0.887 0.849 0.887
D.W. Stat. 1.50+ 1.94+* 1.59+ 1.93++ 1.6S+ 2.01++
Deg.Freedom 19 18 18 17 18 17
Notes: 1. Values in parentheses are absolute t ratios and elasticities at means are
in brackets. 2. ***, **, *, Significant at 1%, 5%, and 10% respectively by two tailed
t test. 3. ++, Hypothesis of no serial correlation is accepted at 5% level.
4. +, Hypothesis of no serial correlation is indeterminate at 5% level.
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Table 4.30. Malaysia, Estimated Coefficients in the Reduced Form
Import Demand Models.
Variables
3.1 3.2 3.3
9
3.4 3.5 3.6
Dep. Var. IMP IMP IMP IMP IMP IMP
Intercept 618.1 1571.1 1136.7 1458.9 753.7 811.0
(2.09)* (2.58)** (2.57) (2.02)* (1-11) (0.89)
RPC -0.20 -0.13 -0.02 0.06 -0.16 -0.11
(0.58) (0.39) (0.04) (0.13) (0.34) (0.22)
DRPC 0.19 -0.13 0.22 0.03
(0.35) (0.14) (0.41) (0.04)
IR 0.007 0.001 -0.008 -0.019 -0.02 -0.45
(0.58) (0.08) (0.32) (0.58) (0.63) (1.11)
DIR 0.005 0.023 0.006 0.038
(0.28) (0.67) (0.30) (1.03)
POP 89.32 144.9
(0.75) (1.09)
QSML -0.26 -0.18 -0.05 -0.14 -0.20 -0.38
(1.71) (0.86) (0.27) (0.58) (0.72) (1.15)
V 0.07 -0.97 -0.56 -0.78 -0.60 -0.73
(0.30) (1.75)* (1.32) (1.06) (1.37) (1.00)
DV 0.48 0.27 0.04
(1.38) (0.27) (0.04)
TC -0.62 -0.13 -0.74 1.18 -0.98 1.64
(0.43) (0.08) (0.50) (0.44) (0.63) (0.61)
DTC -1.31 -2.95 -4.36
(0.58) (0.87) (1.21)
Adj. R2 0.252 0.405 0.389 0.336 0.371 0.346
D.U. Stat. 1.84+ 2.17++ 2.01++ 2.09++ 2.04++ 2.25++
F-Stat. 2.48 3.14 3.00 2.24 2.62 2.16
Deg. Freedom 17 15 15 13 14 12
Notes:
1. Values in parentheses are absolute t values.
2. ***, **, *, Signifcant at 13!, 5%, and 10% respectively 
by two tailed t test.
3. ++, Hypothesis of no serial correlation is accepted at 
5% level.
4. +, Hypothesis of no serial correlation is indeterminate 
at 5 %  level.
Table 4.31. Malaysia,Estimated Elasticities8^  in Different Models.
Direct Models.
Elasticity 
with respect 
to:
Period
1.1 1.2 1.3 1.4 1.5a/
PM 60-82 -0.20 -0.02 0.10 0.10 -0.10
IR 60-82 -1.10
60-72 -0.01 -0.60 -0.60 -0.40
73-82 2.40 2.50 2.50 2.60
EXC 60-82 0.50 -0.70 -0.70 -0.70
60-72 -0.60
73-82 1.40
PW 60-82 0.20
60-72 1.40 1.60 1.50 0.90
73-82 -0.30 -0.50 -0.50 -0.50
Residual Form Models.
Elasticity Period 2.1 & 2.1 & 2.3 &
with respect 2.4 2.5d/ 2.5
to:
RPC 60-82 -0.310.5]
60-72 2.611.5] 0.41-2.3]
73-82 4.710.9] 4.4 [-0.4]
Reduced Form Models.
Elast icity Period 3.1 3.2 3.3 3.4 3.5 3.6
with respect
to:
RPC 60-82 -0.60 -0.40
60-72 -0.04 0.20 -0.40 -0.30
73-82 0.60 -0.30 0.20 -0.30
IR 60-82 0.60 0.10
60-72 -0.40 -0.90 -0.80 -2.10
73-82 -0.40 0.50 -1.70 -1.10
V 60-82 0.20 -1.90 -2.00
60-72 -2.10 -1.70 -1.60
73-82 -2.10 -2.20 -2.90
TC 60-82 -0.30 -0.30 -0.40
60-72 -0.02 0.20 -0.20
73-82 -1.30 -1.60 -2.40
Notes:
a/. All elasticities are at means; b/. Houthakker-Magee specification; 
e/. SUR estimates are in brackets; d/. Demand elasticity is for full period.
Table 4.32. Malaysia. Confidence Intervals8^  for Income and Price Elasticities
in Selected Equations of the Direct Demand and Reduced Form Import
Demand Models.
Model & 
Variable
Period Price Elasticities 
Lower Upper 
Limit Limit
Income Elasticities 
Lower Upper 
Limit Limit
Direct Demand Models:
1.2 PM 1960-82 -0.94 0.92
IR 1960-72 -15.93 15.92
1973-82 -2.49 7.20
1.3 PM 1960-82 -0.75 0.99
IR 1960-72 -1.33 0.02
1973-82 0.47 4.43
1.5 LLPM 1960-82 -0.60 0.40
LLIR 1960-72 -0.69 -0.23
1973-82 -0.05 5.32
Reduced Form Models:
3.2 RPC 1960-83 -2.18 1.38
IR 1960-83 -1.71 1.88
3.3 RPC 1960-72 -1.96 1.88
1973-82 -2.69 3.94
IR 1960-72 -2.33 1.57
1973-82 -4.70 3.86
3.5 RPC 1960-72 -2.55 1.71
1973-82 -3.16 3.60
IR 1960-72 -3.00 1.38
1973-82 -5.95 2.63
Notes:
a/ 90% confidence intervals by two tailed t test.
Table 6-35. Malaysia, Measures of Forecasting Efficiency of Different Models
Model between 
predicted & 
observed
Mean absolute 
error
Thiel inequality 
coefficient
Di rect Imoort Demand Models:
1.1 0.211 75.9 0.819
1.2 0.603 56.1 0.614
1.3 0.588 58.0 0.629
1.4 0.590 58.3 0.628
1.5 0.638
Residual Imoort Demand Models:^
52.2 0.592
2.1-2.4 0.389 CO.362] 102.9 [86.0] 1.11 [0.919]
.2.1-2.5 0.451[0.422] 104.1 [91.0] 1.1410.942]
2.2-2.4 0.163[0.206] 90.30[83.8] 1.03 [0.9573
2.2-2.5 0.347E0.322] 73.10[72.5] 0.8210.829]
2.3-2.4 0.174E0.252] 87.90 [76.7] 1.0010.891]
2.3-2.5 
Reduced
0.359[0.347]
Form Imoort Demand Models
70.60168.9] 0.80 [0.793]
3.1 0.422 69.4 0.730
3.2 0.594 55.0 0.607
3.3 0.583 55.9 0.599
3.4 0.608 54.2 0.598
3.5 0.560 55.1 0.581
3.6 0.643 53.9 0.566
Notes:
a/ Forecasting efficiency of 
are in brackets.
seemingly unrelated regression models
Table 4.34 Malaysia, Qualitative Measures of
Forecasting Efficiency in Selected Models.
Qualitative Measure Models
1.5 2.3-2.5 
(SUR)
3.6
Ratio of accurate forecasts(RAF) 0.59 0.27 0.50
Ratio of worst forecasts(RWF) 0. 09 0.18 0.00
Ratio of accurate to worst(RAWF) 6.50 1.50 —
Ratio of inaccurate Forecasts(RIF) 0.32 0.55 0.50
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The Philippines
Overview
The main rice crop in the Philippines is harvested 
in November and December and the smaller dry season crop 
in May. The dry season crop share in annual production 
increased from 30 to 40 percent during the 1970s. Total 
rice production in the Philippines doubled between 1965 
and 1980. The 2.8 percent growth in rice production in 
the 1960s lagged behind a 3 percent growth in population, 
but in the 1970s, a 5 percent average rate of growth in 
rice production surpassed population growth of 2.5 
percent. From 1968 to 1970 the Philippines exported small 
quantities of rice and again from 1978-83 it was a net 
exporter with substantial quantities being exported in 
1979 and 1980.
National Rice Policies
The general objectives of the Philippines government 
rice policy was to provide incentives to rice production 
and maintain adequate supplies at stable prices to 
consumers. A closer examination of events, however, 
reveals that the emphasis given to these two policy goals 
varied widely over time. Until late 1962, economic 
policies were more urban biased due to potential for 
political unrest among the urban poor(Palmer, p.13). This 
urban bias favored rice imports, holding down market
prices and, as a result, disrupting production incentives. 
In 19 62 the government created the Rice and Corn 
Administration which assumed responsibility for pricing 
policies and for production incentives. Policy objectives 
behind these moves were(Palmer):
The origins of rice promotion policies lay more in 
the desire for integrated and overall development which 
could benefit the majority (especially the rural poor) 
than in the need to plug a debilitating leak of foreign
exchange........ Raising rice productivity was more
important as a means of income generation in rural areas 
and as a means and as a contribution towards limiting 
the rural population flow to urban areas. The 
establishment of a Rice and Corn Administration was to 
implement the policy of immediate alleviation of the 
poverty of the common man(p.6).
The government rice policies which emerged since
1966 are described as (Mears et al.,1974):
. . . . , continuation of controls but with greatly 
increased emphasis on adoption of new technology to help 
solve the conflict between producer and consumer 
objectives while moving towards self-sufficiency(p.19)
Increase in yields associated with modern varieties 
led the Philippines to export rice during the years 1968- 
70 but as harvests improved producer prices of rice did 
not increase at the rate of inflation leading again to a 
period of imports. The National Grains Authority took 
over the implementation of rice policies in 1972, about 
the time world prices were increasing, and instituted a 
producer oriented pricing policy. Consumers1 and farmers 
welfare appeared to be of equal importance , being 
weighted at 20:20 compared to 30:10 in the 1960s(Mangahas,
1975). Between 1977 and 1982, along with a period of net
rice exports, real rice prices in the Philippines declined
(Unnevehr). Bautista(1987) compares the trade regimes in
the 1960s and the 70s:
..., compared with other import-competing essential 
consumer goods, rice benefited from a favorable trade 
regime in the 1960s but not in the 1970s. This does not 
seem consistent with government efforts to actively 
promote rice production in the latter decade, which was 
done through import subsidies. With corn, trade policy 
was discriminatory in the 1960s but became favorable in 
the 1970s(p.9).
Rice Production and Marketing Policies
Government production incentives for rice and maize 
were directed mainly to attain self-sufficiency in these 
major staples. Some of the steps taken by the government 
in this direction are: nationalization of the rice and
corn industry in 1960; creation of Rice and Corn
Administration (RCA) and National Grains Authority(NGA) in 
1972; and the introduction of a concerted policy package 
to achieve self-sufficiency under military rule in 1972. 
Government farm support prices are announced through the 
NGA and they are revised annually. Rice purchases are 
made by the NGA in order to maintain support prices and 
for rice supply management. Government purchases were 
less than 2 percent of production in the 1960s and about 5 
percent in the 1970s.
RCA and NGA followed a pricing policy of setting 
floor and ceiling prices leading to fixed marketing
margins. These margins were too small to cover storage, 
processing and transport in the 1960s. But this position 
improved in the 1970s(Unnevhr, p.11). Other incentives to 
production were in the form of irrigation, cheaper credit, 
research and extension activities. Irrigation development 
preceded the arrival of high yielding varieties in the 
Philippines. Fertilizer has not been subsidized since 
1964 except when the government declared cheaper prices 
for food crop fertilizer for a few years in the early 
1970s.
Rice Consumption Policies
Rice consumption policies are directed at providing 
low and stable consumer prices. Average per capita rice 
consumption remained stable in the 1970s and wheat 
consumption decreased with the increase in wheat-rice 
price ratio. Bennagen(p.31) noted that the income 
elasticity for rice is between 0.1 and 0.2, while the 
price elasticity is between -0.3 and -0.5 for the 
Philippines. Further he noted that rice consumption is 
little affected by prices of other foodstuffs(low cross 
price elasticity). These consumption characteristics have 
many implications to government food policies.
In fixing consumer prices for rice the government 
was willing to provide lower prices when the country was a 
net exporter. For example, the ratio of Manila wholesale 
price to Thai price in the importing years of 1961-67 and
1971-76 was 1.34 and 1.12 respectively, but in the
exporting years of 1977-81 it was 0.90. From the
producer's point of view this represents lower incentives
to production. But the price ratio for the total period
1960-82 was 1.18 indicating that the general price levels
were above world prices(see Unnevehr, p.15).
Foreign Trade and Stock Policies
Foreign trade in rice is a government monopoly. It
remains the principal means of controlling domestic supply
and prices. Palmer(p.28) notes that some decisions to
import rice were politically motivated to coincide with
election years. Philippine rice exports realized lower
prices in the world markets because of its lower quality.
Palmer provides another explanation for divergence
of rice stocks to harvests:
...., The explanation of divergence of stocks to 
harvests can be attributed to 'election year' imports, 
but also to the confidence aroused by the good harvests 
of 1968 to 1970.
Buffer stocks of rice enlarged in the 1970s and, 
associated with production increases, enabled NGA to 
maintain price stability. Another reason for high stocks 
during this period may be the low export demand for 
Philippine rice in the world markets 
Empirical Results
The results of direct demand models(table 4.35) 
indicated that the unconstrained equation(1.3) performs
better than the constrained equation(1,1) . In equation 
1.3 dummy variables for foreign exchange reserves and for 
imported wheat flour price were significant. Price of 
imports(PM) was inversely related in all models but was 
statistically significant only in 1.1.
Income was inversely related, which may be due to 
the strong influence of imports substitution for domestic 
rice. The structural dummy for income was not significant 
implying that income relationship to imports remained more 
or less unchanged over the total period.
Foreign exchange reserves were positive and 
significant in the first period but negative and 
significant in the second. Exchange reserves in the 
Philippines steadily increased reaching a peak in 1980 
after which there was a dramatic decline. The negative 
relationship in the second period may be associated with 
fast decline in imports.
Prices of wheat flour imports are negatively related 
indicating a complementary relationship between rice and 
wheat flour imports in the first period and a substitute 
relationship in the second period. It is not possible to 
come up with plausible reasons for these results in a 
partial equilibrium analysis of this nature. The data in 
the study provide some clues however. First, net rice 
imports in the second period were negative for six years. 
Second, wheat imports to Philippines steadily grew over
time. For example, 1983 imports were 3 04 percent of 1978- 
80 average imports(CMMYT, p.30). Although aggregate
imports of wheat increased per capita consumption of wheat 
declined, mainly due to deliberate government policies
targeted to encourage rice and corn consumption which were 
domestically produced. This policy scene is described by 
Bennagen:
.. .., Average per capita consumption of wheat declined 
appreciably during the past decade. The relative price 
of wheat (all of which is imported) has not encouraged 
consumption of more. With rice under government price
control since 1976, the rice/wheat price ratio is
expected to decline and, unless wheat prices are lowered 
(which would mean lesser government profits from
imports), wheat consumption will remain an insignificant 
part of cereal consumption among Filipinos(p.10)
The rice/wheat price ratio fell from 0.60 in 1969/70 to 
0.47 in 1978/79 owing mainly to this government policy. 
In 1983/84 the ratio of bread prices to rice prices was 
2.1(CMMYT, p.3 0).
In the demand and supply models estimated with OLS 
(table 4.36), it was observed that the unconstrained 
demand model had less explanatory power than the 
constrained model. In the supply equation however dummy 
variable on producer prices was significant.
In equation 2.1 consumer price is negatively related 
to demand but not statistically significant. Income is 
positive and significant. When population was introduced 
the income relationship with demand turned out to be 
negative, probably due to multicollinearity problems.
Population was positive and significant. The lagged 
production relationship to current production was positive 
in the supply equations indicating the stable and 
generally upward trend in production.
The producer price ratio was inversely related to 
supply in both periods. In the case of urea pricing an 
implicit tax was imposed. The weighted average of this 
tariff was 25 percent by value between 1972/73 and 
1984/85. These pricing policies bring out two clear rice 
policy directions followed by the government: firstly,
when the country is self-sufficient and domestic stocks 
build up mainly due to inelastic export demand, domestic 
rice prices are allowed to decline; secondly, with 
increased productivity, the main input, fertilizer, is 
taxed as a source of revenue to the government. The 
technology index was positive in both periods indicating 
that the supply function is responsive to irrigation and 
fertilizer use. The negative technology dummy indicates 
that this response is slowing down, perhaps because the 
rice production frontier is reaching more marginal land 
areas.
The demand and supply models estimated with SUR 
(table 4.37) did not improve on OLS estimates. In fact the 
adjusted R2 and t-values were lower.
Elasticity of demand with respect to consumer prices 
became less elastic in the second period making price
policies less effective as a policy option to control 
consumption. The technology index was more elastic in the 
second period implying that improved technology is an 
effective way to increase rice production.
Of the reduced form import demand models(table 4.38) 
equation 3.5, where demand variables were unconstrained 
and the supply variables were constrained, provided the 
regression with the highest adjusted R2 . This is in 
contrast to the results in the residual models where it 
was found that demand was stable but not the supply. 
Inclusion of population as a regressor seemed to improve 
the explanatory power of the reduced form import demand 
models. Only the income and population variables were 
significant in model 3.5. Income was negatively related 
to imports which agrees with the results in the direct 
demand models.
Estimates of import elasticities(table 4.39) and 
confidence intervals(table 4.40) indicate that imports 
with respect to PM is in the elastic range in all models. 
Income and, foreign exchange reserve elasticities, as well 
as cross elasticity of rice imports with respect to PW, 
were in the elastic range in the second period. One 
reason for this is the fast decline in the quantity of 
imports in the second period. The price elasticity 
estimates of selected residual models show wide variations 
among models and are not be very robust. One cause for
these discrepancies was the producer prices were 
negatively related in the supply equations. Elasticities 
in the reduced form models also vary according to model 
specifications.
Forecasting Efficiency of Models
The direct import demand models provided the best 
measures of forecasting efficiency(table 4.41) in terms of 
the Thiel inequality coefficient. Equation 1.4 with LIMP, 
IR, EXC, DEXC, PW and DPW provided the best estimates. 
Equation 1.2 was the next best estimate in the direct 
models. The reduced form equations, 3.5 and 3.6, provided 
estimates almost equally as good as the direct models. In 
the residual models only equations 2.3-2.4 and 2.3-2.5 
provided Thiel inequality coefficients of less than one. 
The forecasting efficiency of SUR models were less than 
that of OLS models.
Three selected import demand models were evaluated 
for qualitative efficiency of forecasts and the results 
are shown in table 4.42. The direct import demand model 
(1.4) and the reduced demand model (3.6) show identical 
results.
Summary and Conclusions
In the direct demand models structural instabilities 
were observed in exchange reserves and in the price of 
wheat flour. The domestic demand equations did not
indicate significant instability but the supply models 
were unstable. The reduced form import demand equations 
did not show any statistically significant structural 
dummies. In terms of forecasting efficiency the direct 
and reduced form models were almost equally efficient.
Table 4.35 The Philippines, Estimated Coefficients in the Direct Import
Demand Models.
Variables
1.1 1.2 1.3 1.4 1.5a/
Dep. Var. IMP IMP IMP IMP IMP
Intercept 386.3 741.4 738.7 816.5 -30.20
(2.80)** (2.55)** (2.62)** (2.01)* (0.09)
LIMP -0.062 0.18
(0.27) (0.60)
PMCLLPM) -1.72 -0.73 -0.77 -0.76 -0.002
(2.88) (0.92) (1.14) (1.10) (0.74)
IRCLLIR) -0.37 -2.62 -2.37 -2.60 -0.0009
(0.31) (1.05) (1-78)* (1.62) (0.19)
DIROLLDIR) 0.32
(0.12)
EXCCLLEXO 0.017 0.95 0.90 0.96 0.00018
(0.22) (1.86)* (2.54) (2..32)** (0.34)
DEXCCLLDEXC) -1.01 -0.97 -1.02 -0.00019
(1.85)* (2.58)** (2-34)** (0.34)
PWULPW? 1.17 -4.38 -4.61 -5.35 0.051
(0.74) (0.97) (1-16) (1.09) (0.78)
DPWCLLDPIO 5.36 5.74 6.39 -0.041
(1.22) (1.97)* (1.67) (0.71)
Adj. 0.423 0.508 0.535 0.510 0.291
D.U.Stat. 1 .82++ 2.08++ 2.07++ 1.94++ 2.19++
F-stat. 5.39 4.55 5.61 4.57 2.41
Deg.Freedom 20 17 18 17 17
Notes:
1. Houthakker-Magee specification; relevant variables 
are in braces.
2- Values in parentheses are absolute t ratios.
3. ***, **, *, Significant at 1%, 5%, and 10% respectively 
by two tailed t test.
4. ++, Hypothesis of no serial correlation is accepted at 
5% level.
5. +, Hypothesis of no serial correlation is indeterminate 
at 5% level.
Table A.36. The Philippines, Coefficients of Demand and Supply in the Residual
Import Demand Models Estimated by OLS.
Variables --- Supply Models ---a m u  r i u u v i a  ■■■
2.1 2.2 2.3 2.4 2.5
Dep Var. QD QD QD QSM QSM
Intercept 1658.1 1470.2 -799.6 1150.1 1143.0
(2.67)** (1.64) (1.17) (2.42)** (2.94)***
RPC -0.15
(0.96)
[-0,11]
-0.23
(0.73)
[-0.24]
-0.25
(1.27)
[-0.26]
DRPC 0.07
(0.30)
[-0.09]
0.07
(0.49)
[-0.11]
IR 14.98
(12.43)***
[0.69]
18.68
‘tt'k'it
(4.67)
[0.77]
-4.34
(0.88)
[-0.18]
DIR -2.90
(0.62)
[0.79]
-1.71
(0.60)
[-0.30]
POP 162.38
(5.21)***
QSML 0.62 
- —  *** (3.57)
0.69
(4.74)***
V -812.86
“it
(1.74)
[-0.06]
-1523.2
(2.56)**
[-0.17]
DV 1199.2
(2.29)**
[-0.02]
TC 7.15
(2.34)**
[0.17]
6.92
(2.47)**
[0.11]
DTC -3.08
(1.43)
[0.11]
Adj. R2 0.909 0.906 0.953 0.971 0.975
D.W. stat. 1.59++ 1.59++ 2.30+ 1.84++ 2.27*
F-Stat. 121.4 58.8 a/ a/ a/
Deg.Freedom 22 20 19 21 19
Rotes:
1. Values in parentheses are absolute t ratios and elasticities 
at means are in brackets.
2. ***t * * t * t Significant at 1%, 5%, and 10% respectively
by two tailed t test.
3. ++, Hypothesis of no serial correlation is accepted at
5% level.
4. +, Hypothesis of no serial correlation is indeterminate
at 5% level.
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Tabte 4.37. The Philippines, Coefficients of Demand and supply in the Residual Import
Demand Models Estimated by Seemingly Unrelated Regression(SUR).
Variables
2.1 & 
2.4
2 .1 &
2.5
System of Equations - 
2.2 & 2.2 &
2.4 2.5
2.3 &
2.4
2.3 & 
2.5
Dep. Var. QD QD QD QD QD QD
Intercept 1644.9 1742.5 1497.4 1625,1 -523.3 -415.8
(2.62)**
— — ** 
(2.72) (1.69) (1.80)* (0.66) (0.51)
RPC -0.14 -0.16 -0.24 -0.27 -0.36 -0.37
(0.94) (1.05) (0.77) (0.87) (1.66) (1.65)
[-0.11] [-0.13] [-0.25] [-0.28] [-0.38] £-0.39]
DRPC 0.07 0.10 0.12 0.13
(0.32) (0.41) (0.69) (0.78)
[-0.10] [-0.11] [-0.15] £-0.14]
IR 15.00 14.83 18.71 18.63 -3.74 -3.78
***
(0.65)(12.30) (11.90) (4.74) (4.61) (0.66)
[0.70] [0.69] £0.77] [0.77] [-0.15] £-0.16]
DIR -2.97 -3.27 -2.92 -2.92
(0.64) (0.69) (0.88) (0.85)
[0.79] [0.77] [-0.33] [-0.33]
POP 163.71 
. , _ *** 
(4.63)
160.96
(4.44)
Adj. R2 0.909 0.909 0.906 0.906 0.947 0.947
D.W. Stat. 1.59++ 1.58++ 1.59++ 1.59* 2.53+ 2.58+
Dep. Var. QSM QSM QSM QSM QSM QSM
Intercept 1236.4 1213.0 1226.3 1201.0 1203.5 1213.9
(2.48)** (2.55)** (2.41)** (2.45)** (2.40) (2.52)**
OSML 0.57 0.65 0.58 0.65 0.57 0.62
nA. *** *** *** *** ★ *i
(3.29) (3.74) (3.24) (3.64) (3.26) (2.52)
V -772.8 -1198.7 -772.5 -1197.3 -683.9 -970.9
(•1.30) (1.46) (1.27) (1.42) (1.14) (1.17)
[-0.06] [-0.13] [-0.06] [-0.13] [-0.05] [-0.11]
DV 961.85
(1.30)
[-0.01]
957.9
(1.26)
[-0.01]
798.1
(1.04)
£-0.01]
TC 7.86 6.06 7.76 6.28 7.88 6.33
(2.57)** (1.71) (2.47)** (1.72) (2.55)** (1.76)*
[0.19] [0.10] [0.19] [0.10] [0.19] [0.10]
DTC -1.36
(0.44)
[0.14]
-1.53
(0.48)
[0.14]
-0.77
(0.24)
[0.16]
Adj. R2 0.967 0.968 0.967 0.968 0.966 0.967
D.W. Stat. 2.62+ 2.85+ 2.63* 2.87* 2.61 + 2.79+
Deg.Freedom 21 20 20 19 20 19
Notes: 1. Values in parentheses are absolute t ratios and elasticities at means ar
in brackets. 2. ***, **f Significant at IX, 5%, and 10% respectively by two tailed
t test. 3. ++, Hypothesis of no serial correlation is accepted at 5% level.
4. +, Hypothesis of no serial correlation is indeterminate at 5% level.
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Table 4.38. The Philippines, Estimated Coefficients in the Reduced Form
Import Demand Models.
Variables
3.1 3.2 3.3 3.4 3.5 3.6
Dep. Var. IMP IMP IMP IMP IMP IMP
Intercept -563.5 -703.6 -648.0 -984.3 -1534.5 -1545.8
(0.90) (1.09) (0.13) (1-27) (2.35)** (2.07)*
RPC 0.16 0.20 0.23 0.05 -0.01 -0.02
(1.25) (1.51) (1.17) (0.25) (0.07) (0.10)
DRPC -0.07 0.19 0.03 0.06
(0.53) (0.85) (0.28) (0.29)
IR -4.99 -4.85 -6.38 0.86 -10.74 -9.60
(1.42) (1.26) (1.43) (0.14)
**
(2.69) (1.27)
DIR 1.62 -8.16 0.01 1.24
(0.58) (1.18) (0.006) (0.18)
POP 99.78 94.94
(2.95)*** (2.11)*
QSML 0.21 0.17 0.20 0.31 -0.05 -0.02
(0.84) (0.61) (0.76) (0.98) (0.24) (0.07)
V 714.7 1300.2 833.2 1022.5 673.6 675.7
(1.19) (1.71) (1.23) (1.02) (1.19) (0.74)
DV -796.5 -418.4 6.83
(1-02) (0.28) (0.005)
TC 1.07 -0.91 1.36 -7.50 -3.59 -4.53
(0.40) (0.28) (0.46) (1.16) (1.21) (0.76)
DTC 3.71 10.69 1.36
(1.26) (1.61) (0.18)
Adj. R2 0.342 0.328 0.279 0.304 0.503 0.434
D.W. Stat. 1.60+ 1.76+ 1.68++ 2.09++ 2.10++ 2.12++
F-Stat. 3.49 2.67 2.33 2.16 4.04 2.84
Deg. Freedom 19 17 17 15 16 14
Notes:
1. Values in parentheses are absolute t values.
2. ***, **, *, Signifcant at 1%, 5%, and 10% respectively 
by two tailed t test.
3. ++, Hypothesis of no serial correlation is accepted at 
5% level.
4. +, Hypothesis of no serial correlation is indeterminate 
at 5 %  level.
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Table 4.59. The Philippines, Estimated Elasticities0^  in Different Models.
Pi rect Models.
Elastici ty 
with respect 
to:
Period
1.1 1.2 1.3 1.4 1.5°/
PM 60-84 -3.21 -1.35 -1.44 -1.43 -0.99
IR 60-84 -0.62 -3.92 -4.29 -0.30
60-72 -1.80
73-84 -23.3
EXC 60-84 0.14
60-72 0.96 0.92 0.97 0.04
73-84 -5.00 -4.68 -5.08 -0.20
PU 60-84 1.19
60-72 -1.54 -1.61 -1.87 1.21
73-84 6.70 7.74 7.15 11.3
Residual Form Models
Elastici ty Period 2.1 & 2.3 & 2.3 &
with respect 2.5d/ 2.4e/ 2.5
to:
RPC 60-72 -1.41-2 .6] -2.0C-11.41 -1.7C-11.9]
73-84 -0.021- 2.61 -20.1 C-28.6] -18.31-26.4]
Reduced Form Models.
Elasticity Period 3.1 3.2 3.3 3.4 3.5 3.6
with respect 
to:
RPC 60-84 4.36 5.63
60-72 3.91 0.94 -0.21 -0.36
73-84 19.03 30.00 2.59 4.59
IR 60-84 -8.24 -8.01
60-72 -35.55 0.59 -7.38 -6.60
73-84 -48.28 -73.90 -109.0 -109.9
V 60-84 1.99 2.31 1.87
60-72 2.25 1.77 1.15
73-84 6.04 7.24 8.19
TC 60-84 0.89 1.14 u o o
60-72 0.22 -1.86 -1.12
73-84 16.79 19.1 -19.02
Notes:
a/. All elasticities are at means; b/- Houthakker-Magee specification;
c/. SUR estimates are in brackets; d/. Demand elasticity is for full period,
e/. Supply elasticity is for full period.
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Table 4.40. The Phi Iippines.Confidence Intervals for Income and Price Elasticities
in Selected Equations of the Direct Demand and Reduced Form Import
Demand Models.
Model & Period Price Elasticities Income Elasticities
Variable Lower Upper Lower Upper
Limi t Limit Limit Limi t
Direct IDemand Models:
1.2 PM 60-84 -3.89 1.16
IR 60-72 -4.73 1.13
73-84 -69.46 22.82
1.3 PM 60-84 -3.59 0.71
IR 60-84 -7.70 -0.13
1.4 PM 60-84 -3.65 0.78
IR 60-84 -8.81 0.23
Reduced Form Models:
3.1 RPC 60-84 -10.30 1.55
IR 60-84 -18.17 1.70
3.5 RPC 60-72 -5.51 5.00
73-84 -22.20 27.40
IR 60-72 -12.07 -2.69
73-84 -150.27 -67.7
3.6 RPC 60-72 -6.20 5.51
73-84 -40.05 40.05
IR 60-72 -15.44 2.25
73-84 -232.00 12.27
Notes:
a/ 90% confidence intervals by two tailed t test.
Table 4 .41. The Philippines, Measures of Forecasting Efficiency of Different Models
Model between 
predicted & 
observed
Mean absolute 
error
Thiel inequality 
coefficient
D i rect Imoort Demand Models:
1.1 0.519 115.1 0.676
1.2 0.652 92.10 0.564
1.3 0.651 92.60 0.567
1.4 0.652 90.40 0.560
1.5 0.498
Residual Import Demand Models:^
117.4 0.716
2.1-2.4 0.01310.006] 194.71200.9] 1.33 [1.36]
2.1-2.5 0.02710.012] 187.2C239.3l 1.26 [1.29]
2.2-2.4 0.01610.008] 197.2[202.5] 1.36 [1.38]
2.2-2.5 0.02710.012] 191.2 C199.0] 1.3311.36]
2.3-2.4 0.45910.406] 130.8C137.0] 0.82[0.86]
2.3-2.5 
Reduced
0.40010.350]
Form Import Demand Models
147.2 [145.13 0.94[0.951
3.1 0.479 106.6 0.719
3.2 0.524 94.90 0.674
3.3 0.489 102.0 0.704
3.4 0.565 95.80 0.663
3.5 0.669 82.70 0.581
3.6 0.670 B3.20 0.581
Notes:
a/ Forecasting efficiency of 
are in brackets.
seemingly unrelated regression models
Table 4.42 The Philippines, Qualitative Measures of 
Forecasting Efficiency in Selected Models.
Qualitative Measure Models
1.4 2.3-2.4 
(OLS)
3.6
Ratio of accurate forecasts(RAF) 0.63 0.54 0.63
Ratio of worst forecasts(RWF) 0.04 0.04 0.04
Ratio of accurate to worst(RAWF) 15.00 13.00 15. 00
Ratio of inaccurate Forecasts(RIF) 0.33 0.42 0. 33
Sri Lanka
Overview
Sri Lanka was a significant importer of rice during 
the period 1960-85. Domestic production grew at an annual 
rate of about 4 percent and imports steadily declined from 
about 30 percent of total consumption to less than 10 
percent in the late 1970s. Similar to Malaysia, rice in 
Sri Lanka does not have a close substitute crop in 
production. As the country gets closer to self- 
sufficiency policy makers are faced with the problem of 
how to achieve crop diversification. Government policies 
have been so much focused on rice production and 
marketing that it is difficult to induce farmers to grow 
any other crops.
National Rice Policies
Self-sufficiency in rice was a much publicized goal 
of agricultural policy in Sri Lanka. From an economic 
point of view it made sense as food imports constituted 
the bulk of total imports. The goal has been kept alive 
in the political arena by consecutive governments since 
independence, because it appealed to rice producers who 
dominated the rural electorate and to consumers who seem 
to believe self-sufficiency leads to cheaper rice. Rice 
policies, throughout, attempted to provide producer 
incentives in order to achieve self-sufficiency, reduce 
foreign expenditure on imports and to improve rural farm
income and employment. At the same time rice consumption 
was subsidized, through an extensive system of subsidized 
rice distribution. Although these subsidies were 
diverting resources away from much needed capital 
investments, especially during the early 1970's when world 
food prices were high, successive governments failed to 
m a k e  a ny r e f o r m s  primarily due to political 
considerations. Since 1977, food subsidies for consumers 
have been progressively reduced by implementing a food 
distribution scheme targeted at low income groups. By 
1984, food subsidies accounted for only 4 percent of 
government expenditure, compared with 19 percent in 1978 
and 23 percent in 1970 (World Bank,1986, p.93) . 
Production incentives to rice farmers continued unabated 
however.
Production and Marketing Policies
One of the major investments made by the government 
in rice production was to initiate large multi-purpose 
agricultural development projects. These projects 
provided irrigation, and other rural infrastructure for 
rice cultivation, to sparsely populated dry lands and 
encouraged resettlement of families as a means of reducing 
population pressures in other areas. Irrigated land 
increased from 30 percent in 1960 to 55 percent by 1985. 
In addition, fertilizer and improved modern seed 
varieties were also provided at subsidized prices.
The degree of government intervention in the market 
varied over the period but throughout a producer support 
price declared by the government acted as the floor price 
and the market prices remained above this level. Although 
in the short run guaranteed prices did not change along 
with market prices, more or less similar long term trends 
were observed for open market prices, support prices and 
the cost of imported rice (Borsdorf, Anderson and 
Anderson, p .3 4).
Paddy Marketing Board(PMB) , a government agency was 
responsible for maintenance of support prices to farmers. 
Because the government was providing subsidized rice to 
consumers from either PMB purchases or from imports, 
policy makers attempted to reduce the cost of this ration 
by keeping producer support prices low. This was a basic 
food policy dilemma in Sri Lanka.
Rice Consumption Policies
Providing subsidized rice and other foods was a part
of an extensive government welfare scheme in Sri Lanka.
Salient features of this scheme are summarized
as(Edirisinghe):
..., First, ... governments continued the food 
subsidies to attain both political stability and social 
equity. Second, these subsidies continued, in part, 
because a remarkably high degree of active political 
participation by the population, particularly the 
organized sector of the labor force, provided sufficient 
pressure to ensure that they did. Third, the success of 
the subsidy program was linked closely with the 
country's balance of payments. This was because Sri 
Lanka depended on imports for more than 50 percent of
its food supply during roost of the period. Lastly, 
input subsidies to rice farmers and a state sponsored 
guaranteed price scheme were intended to minimize the 
deleterious effects of consumer subsidies on 
producers(p.11).
The"government subsidized ration was providing about 
20 percent of the total caloric intake in the 1960s and 
early 1970s. Unlike in India and Bangladesh, where 
government food distribution was largely for the urban 
sector, the rice ration benefited both urban and rural 
populations almost equally in Sri Lanka. It constituted 
about 19-22 percent of the total calories consumed by low 
income groups and about 12 percent of the caloric intake 
of higher income groups (Gavan and Chandrasekera, p.39). 
Therefore any changes in the government ration affected 
lower income groups more than the higher income groups. 
The rice ration remained a major income re-distribution 
measure followed to achieve social equity in Sri Lanka. 
Foreign Trade and Stock Policies
The import of rice and other staple foods to Sri 
Lanka largely remained a government monopoly. Quantities 
of rice imports necessary are generally decided on an 
annual basis taking into account the size of the current 
crop and government stocks available. But since servicing 
of the ration was considered the main government 
obligation imports may have primarily depended on the size 
of the government rice ration. The rice stock policy of 
the government was to maintain at least three months
requirements of the ration. In the latter part of 1970s 
rice imports by the private sector was allowed, but so far 
relatively large imports have been made only by the 
government.
Empirical Results
Import demand estimates of the direct demand 
models (table 4.43) indicated that the unconstrained 
equation(2.2) improved the estimated results. Income, 
foreign exchange reserves and price of wheat flour 
indicated significant instabilities. PM was negative 
except in equation 1.5 but statistically insignificant. 
In equation 1.3 imports were estimated omitting the price 
of imports reasoning that once domestic requirements are 
ascertained rice imports are made by the government to 
m ain t a i n  domestic market stability with little 
consideration to import prices. This improved the 
statistical significance of other coefficients and the 
adjusted R2 of the regression. Inclusion of lag imports 
as a regressor(1.4) or the Houthakker-Magee specification 
did not improve the model results. In Sri Lanka more than 
40 percent of the per capita rice consumption was issued 
as a government subsidized weekly ration from 1960-76 
(Gavan and Chandrasekera, p.32). As imports were mainly 
to meet this obligation, which often changed depending on 
financial resources of the government, imports may have
changed mainly based on the size of this commitment.
Income was negatively related to imports in both 
periods showing the decline in imports over time. 
Exchange reserves were also negatively related to imports. 
Two possible reasons for this are: (1) as income(GNP) and
foreign exchange reserves are strongly correlated to each 
other exchange reserves may be acting as a rough proxy for 
income, and (2) since foreign exchange reserves are 
dependent upon export earnings from agricultural products, 
if weather related crop failures occur, export earnings 
are likely to decline.
The price of imported wheat was positive in the 
first period, indicating a substitute relationship with 
rice imports. In the second period wheat flour price was 
negative indicating a complementary relationship. All 
wheat consumed in Sri Lanka is imported and imports are a 
government monopoly allowing policymakers to price this 
product in such a manner as to reduce the total government 
subsidy on rice. In the first period, faced with an 
overall food deficit in the country it is likely that the 
government substituted cheaper wheat flour for rice in 
imports. Wheat flour imports were further facilitated by 
concessional import terms offered by exporters such as the 
U.S., Canada, and Australia. Substitution elasticities 
between rice and wheat was high in Sri Lanka. The urban 
populations and the plantation labor preferred it as a
convenience food. The increased opportunity cost of time
of women was an important factor underlying the shift from
time-insensitive traditional foods to time saving foods,
esp e c i a l l y  to c o m mercially baked bread in Sri
Lanka(Senaur, Sshn and Alderman, p.926). In the second
period government followed a policy of restricting wheat
flour imports in order to provide higher prices for local
rice. This trend is explained by (Edirisinghe):
Despite drought during one season in 1982, the per 
capita availability of calories was 7 percent greater in
1981/82 than in 1978/79......... calories from wheat
flour on the other hand declined dramatically, by 31 
percent. Reductions in the consumption of wheat flour 
and wheat flour products explain most of the calorie 
, consumption reductions in the lower income classes in 
1981/82(p.42).
Ender observed the same trend:
..., Improved rice supplies have slowed down the rate of 
growth of wheat imports(p.220)
Table 4.4 4 shows that both price and income 
variables in the aggregate rice demand function were
unstable (eg.2.2) and that the addition of population did 
not improve the model results(eq.2.3). Consumer price was 
negatively related to total demand in both periods and
income was positively related in both periods indicating 
that rice is a superior good in the aggregate consumption
function. In equations 2.2 and 2.3 price and income
became less elastic over time. The less elastic price 
indicate that as incomes grow consumers are less willing
to change consumption of a staple food, or conversely, are 
willing to pay more to maintain the same consumption 
level. Decreased income elasticity in the aggregate 
demand function implies that at least some sections of the 
population, probably the higher income groups, have 
reached the stage of increasing diversification in their 
diets.
In the supply model, the unconstrained equation(2.5) 
did not improve the adjusted R2 of the regression but 
dummy variables were significant on the basis of the R2 
criterion (t-values were more than 1). The producer price 
ratio and the technology index were positively related to 
production in both periods. The dummy on price was 
negative indicating that the government is moving away 
from price incentives and placing more emphasis on 
incentives to develop technology. This can be observed 
from the positive dummy for technology in the second 
period. SUR estimates of demand and supply equations are 
shown in table 4.45 and these estimates also indicate 
similar qualitative relationships as the OLS estimates.
Out of the reduced form import demand models(4.46) 
equation 3.3, which included unconstrained demand 
variables and constrained supply variables, had the 
highest adjusted R 2 values and largest number of 
statistically significant coefficient estimates. This 
result is basically similar to what was observed in the
demand and supply equations in the residual model.
Consumer prices were negatively related and income was 
positively related to imports for both periods. QSML was 
negative and significant indicating that good harvests in 
the preceding year leads to less current imports.
Producer price is negative a n d .significant for the 
first period in most equations implying that increased 
producer prices lead to higher production and consequent 
declines in imports. The technology index dummy was
negative in the second period showing greater 
effectiveness of technology in import substitution during 
the second period. As seen from equations 3.5 and 3.6 
inclusion of population did not improve model results. 
Import Elasticities
Estimated import demand elasticities and their 
confidence intervals are presented in tables 4.47 and
4.48. Import elasticity with respect to price of imports 
is in the inelastic range implying that rice imports were 
made to maintain domestic price stability and for 
distribution in the ration with little consideration for 
import prices. In both the residual and reduced form 
models import elasticities with respect to domestic 
consumer prices were less elastic in the second period. 
This may be indicating less dependence on imports to 
stabilize domestic market prices.
Income elasticity of imports is negative in the
direct demand models but when specified with other supply 
variables in the reduced form models it turned out to be 
positive.
The elasticity of imports with respect to producer 
prices was in the inelastic range for both periods. This 
implies limited effectiveness of price policies to expand 
production. In developing countries some physical 
constraints that exist to production may not be resolved 
by price incentives alone. Production expansion, more 
often, takes place by government incentives to 
technological improvements. Effectiveness of such a 
policy is indicated by the elastic response of technology 
to supply in the second period. For example, technology 
elasticity of 2.10 in equation 3.4 for the second period 
can be interpreted as with a 1 percent increase in 
technology total rice imports can be reduced by 2.1 
percent. The confidence intervals for price as well as 
income in the second period were wider indicating that 
higher standard errors of estimates were associated with 
the second period. This basically indicates that the rice 
market was less stable in the second period.
Forecasting Efficiency of Models
Q u a n t i t a t i v e  m e a s u r e s  of f o r e c a s t i n g  
efficiency(table 4.49) indicate that the reduced form 
import demand models provided relatively good forecasts. 
Equations 3.4 and 3.6, which assumed structural
instability in both demand and supply equations, provided 
the best estimates. In the residual models SUR estimates 
consistently provided more efficient estimates than the 
OLS model estimates justifying the use of SUR techniques 
for Sri Lanka. Out of these, the most efficient were 
equations 2.2-2.5 and 2.3-2.5 both of which incorporated 
unconstrained supply and demand functions. In the direct 
demand models, equations 1.2, 1.3 and 1.4 provided almost 
equally identical results.
Three models were evaluated for measures of 
qualitative forecasting efficiency and the results are 
shown in tabl 4.50. The results indicate that the reduced 
form model 3.6 provided the best qualitative estimates. 
Summary and Conclusions
All models indicate that structural instability need 
to be incorporated in the estimation of demand, supply and 
imports of rice to Sri Lanka. The reduced form models 
which included domestic demand and supply variables and 
structural instability, provided the best import demand 
estimates. In terms of performance the residual and 
direct demand models were also close substitutes.
Table A.43. Sri Lanka, Estimated Coefficients in the Direct import
Demand Models.
Variables
1.1 1.2 1.3 1.4 1.5a/
Dep. Var. IMP IMP IMP IMP IMP
Intercept 627.4 712.4 717.6 701.1 722.5
(9.01)*** (3.00)*** (3.18) (2.47)** (2.84)**
LIMP 0.19 -0.03
(0.08) (0.12)
PMCLLPM> -0.50 -0.10 -0,11 0.003
CO.57) (0.12) (0.12) (0.67)
IRCLLIR3 -0.007 -0.06 -0.61 -0.06 -0.0000009
(2.01)* (2.61)** (2-72)** (2.37)** (1.83)*
DIRCLLDIR) 0.05 0.05 0.05 -0.0000008
(2.34) (2.45)**
Air lAr
(2.17) (1.75)*
EXCtLLEXC) 0.09 -2.85 -2.88 -2.85 -0.018
(0.25) (1.54) (1.62) (1.49) (1.13)
DEXCfLLDEXC} 2.73 2.72 2.71 0.017
(1.45) (1-52) (1.42) (1.06)
PWCLLPW) 0.67 20.67 20.55 20.47 0.06
(0.50) (2.OS)* (2.15)** (1.94)* (1.32)
DPWCLLDPW) -21.14 -21.19 -20.94 -0.07
C2.20)** (2.28)** (2.04)* (1.42)
Adj. R^ . 0.439 0.512 0.540 0.480 0.423
D.U.Stat. *S| GO + + 2.33++ 2.34* 2.37+ 2 -08++
F-Stat. 5.50 4.45 5.50 3.65 3.11
Deg.Freedom 19 16 17 15 15
Motes:
1. a^ Houthakker-Magee specification; relevant variables 
are in braces.
2. Values in parentheses are absolute t ratios.
3. ***, **, *, Significant at 1%, 5%, and 10% respectively 
by two tailed t test.
4. ++, Hypothesis of no serial correlation is accepted at 
5% level.
5. +, Hypothesis of no serial correlation is indeterminate 
at 5% level.
Table 4.44. Sri Lanka, Coefficients of Demand and Supply in the Residual
Import Demand Models Estimated by OLS.
Variables rinmnn^I U a ^ a I a --- Supply Models ---
2.4 2.52.1 2.2 2.3
Dep Var. QD QD QD QSM QSM
Intercept 1036.9 980.4 972.3 179.0 177.2
_ —  . A  ^  A*
(9.76) (5.27)*** (1.98)* (1.37) (1.34)
RPC -0.007 -0.152 -0.151
(0.32) (2.01)* (1.63)
E-0.03] 1-0.52) [-0.51]
DRPC 0.151 0.150
(2.26)** (1.54)
[-0.0007] [-0.002]
IR 0.009 0.036 0.036
(7.64) (3.41)*** (1.95)*
10.25] [0.72] [0.71]
DIR -0.027 -0.027
(2.52)** (1.70)
[0.34] [0.34]
POP 0.94
(0.02)
QSML 0.30 0.26
(1.96)* (1.67)
V 43.35 210.6
(0.30) (1.13)
10.03] [0.20]
DV -186.3
(1.04)
[0.012]
TC 11.13 7.96_ *** ick
(5.05) (2.58)
[0.51] [0.33]
DTC 4.21
(1.41)
[0.59]
Adj. R2 0.721 0.773 0.761 0.902 0.902
D .14. Stat. 1.95++ 2.26+ 2.27+ 2.15++ 2.15++
F-Stat. 30.77 20.59 15.61 71.21 43.43
Deg.Freedom 21 19 18 20 18
Rotes:
1. Values in parentheses are absolute t ratios and elasticities 
at means are in brackets.
2. ***, **, *, Significant at 1%, 5%, and 10% respectively
by two tailed t test.
3. ++, Hypothesis of no serial correlation is accepted at
5% level.
4. +, Hypothesis of no serial correlation is indeterminate
at 5% level.
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Table 4.45. Sri Lanka, Coefficients of Demand and Supply in the Residual Import
Demand Models Estimated by Seemingly Unrelated Regression(SUR).
Variables stem of Equat 
2.2 &
2.4
2.1 & 
2.4
Syi
2.1 &
2.5
2.2 & 
2.5
2.3 &
2.4
2.3 & 
2.5
Dep. Var. QD QD QD QD QD QD
Intercept 10B4.5 1114.0 1053.3 1112.5 957.7 1138.0
(10.62)*** (10.BB)*** (6.37)*** (6.52)*** (2.25)** (2.59)**
RPC -0.016 -0.02 -0.18 -0.16 -0.17 -0.17
(0.75) (1.17) (2.74)** (2.43)**
— -  j  * *
(2.14) (2.08)*
[-0.06] [-0.09] [-0.62] [-0.56] [-0.58] [-0.57]
DRPC 0.17 0.14 0.16 0.15
* * *
(2.88) (2.35) (1.84)* (1.74)*
[-0.04] [-0.07] [-0.06 [-0.07]
IR 0.009 0.009 0.04 0.033 0.035 0.034
(7.52)*** (7.60) (4.11)***
_______ * * *
(3.32) (2.23)** (2.10)**
10.25] [0.26] [0.77] [0.67] [0.70] [0.67]
DIR -0.03 -0.024 -0.027 -0.025
.  -  * * _ * ir
(3.16) (2.45) (2.01) (1.81)
[0.33] E0.32] [0.30] [0.33]
POP 11.14 -2.95
(0.24) (0.06)
Adj. R2 0.718 0.711 0.770 0.763 0.758 0.751
D.U. Stat. 1.94++ 1.93++ 2.26+ 2.25+ 2.29+ 2.23+
Dep. Var. QSM QSM QSM QSM QSM QSM
Intercept 190.7 188.3 120.6 167.5 158.9 167.9
(1.57) (1.68) (1.34) (1.41) (1.30) (1-39)
QSML 0.31 0.26 0.37 0.32 0.37 0.32
(2.24)** (1.98)* (2.72)** (2.36)** (2.69)** (2.33)
V 39.43 302.3 47.9 237.3 50.18 238.1
(0.29) (1.93)* (0.36) (1.45) (0.37) (1.43)
[0.03] [0.29] [0.03] [0.23] [0.03] [0.23]
DV -280.3 -212.1 -214.1
(1.82)* (1.31) (1.28)
[0.01] [0.01] [0.01]
TC 10.58 5.56 9.87 6.24 9.89 6.21
_ *** ** ir1t1r _ ^  A * *** **
(5.18) (2.17) (4.93) (2.31) (4.88) (2.24)
[0.48] [0.23] [0.45] [0.26] [0.45] [0.26]
DTC 6.52 4.92 4.96
(2.59)** (1.82)* (1.77)*
[0.59] [0.54] [0.54]
Adj. R2 0.901 0.899 0.900 0.901 0.899 0.900
D.W. Stat. 2.15++ 2.04++ 2.21++ 2.20+ 2,22++ 2.19+
Deg.Freedom 20 19 19 18 19 18
Notes: 1. Values in parentheses are absolute t ratios and elasticities at means are
in brackets. 2. ***, **, *, Significant at 1%, 5%, and 10% respectively by two tailed
t test. 3. ++, Hypothesis of no serial correlation is accepted at 5% level.
4. +, Hypothesis of no serial correlation is indeterminate at 5% level.
Table 4.46 Sri Lanka, Estimated Coefficients in the Reduced Form
Import Demand Models,
Variables   Models ----------------------------
3.1 3.2 3.3 3.4 3.5 3.6
Dep. Var. IMP IMP IMP IMP IMP IMP
Intercept 1150.0 1217.8 1231.5 1324.4 1227.9 1668.8
(7.02)***
A
(5.99)
_ ^
(5.85) (5.93)*** (2.29)** (2.67)’
RPC -0.04 -0.05 -0.20 -0.19 -0.20 -0.21
(1.91)* (1.90)* (2.50)** (2-15)** (2.12)* (2.16)’
DRPC 0.16 0.14 0.16 0.17
(2.02)* (1.55) (1.56) (1.61)
IR -0.002 0.002 0.026 0.015 0.026 D.019
(0.54) (0.30) (1.49) (0.76) (1.25) (0.91)
DIR -0.025 -0.009 -0.025 -0.012
(1.84)* (0.52) (1.51) (0.65)
POP 0.41 -37.18
(0.007) (0.59)
QSML -0.18 -0.23 -0.36 -0.34 -0.36 -0.31
(1.07) (1.29) (1.80)* (1.70) (1.70) (1.43)
V -366.0 -554.3 -288.5 -300.5 -288.6 -327.7
(2.38)** (2.93)*** (1.91)* (1-28) (1.85)* (1.34)
DV 320.5 -16.88 31.40
(1.61) (0.06) (0.10)
TC -2.07 -0.17 -3.24 0.98 -3.25 2.52
(0.71) (0.55) (0.97) (0.21) (0.89) (0.47)
DTC -5.89 -9.04 -10.77
(1.44) (1.35) (1.45)
Adj. R2 0.654 0.667 0.692 0.689 0.671 0.674
O.W. Stat. 2.12+ 2.20++ 2.19++ 2.14++ 2.19++ 2.07++
F-Stat. 9.69 7.59 8.38 6.66 6.87 5.75
Deg. Freedom 18 16 16 14 15 13
Motes:
1. Values in parentheses are absolute t values.
2. ***, **, *, Signifcant at 1%, 5%, and 10% respectively 
by two tailed t test.
3. ++, Hypothesis of no serial correlation is accepted at 
5% level.
4. +, Hypothesis of no serial correlation is indeterminate 
at 5% level.
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Table 4.47. Sri Lanka, Estimated Elasticities0^  in Different Models.
Direct Models.
Elastici ty 
with respect 
to:
Period
1.1 1.2 1.3 1.4 1.5a/
PM 60-83 -0.20 -0.05 -0.05 0.20
IR 60-83 -0.70
60-72 -3.20 -3.20 -3.20 -1.10
73-83 -1.10 -1.00 -1.00 -0.50
EXC 60-83 0.04
60-72 -0.40 -0.40 -0.40 -0.20
73-83 -0.10 -0.10 -0.10 -0.40
PW 60-83 0.20
60-72 3.10 3.10 3.10 0.70
73-83 -0.30 -0.40 ,-0.30 -1.10
Residual Form Models.
Elasticity Period 2.2 & 2.2 & 2.3 &
with respect 2.4d/ 2.5 2.5
to:
RPC 60-72 -1.4[-1.7] -1.7[-2. 0] -1.7f-2.0I
73-83 -0.1 [-0.3] -0.11-0. 4] -0.1 [-0.4]
Reduced Form Models.
Elasticity 
with respect 
to:
Period 3.1 3.2 3.3 3.4 3.5 3.6
RPC 60-83 -0.50 -0.70
60-72 -1 .B0 -1.70 -1.80 -1.90
73-83 -0.80 -1.00 -0.80 -0.90
IR 60-83 -0.20 0.20
60-72 1.40 0.80 1.40 1.00
73-83 0.20 1.10 0.20 1.42
V 60-83 -0.70 -0.50 -0.50
60-72 -0.90 -0.50 -0.60
73-83 -0.60 -0.90 -0.80
TC 60-83 -0.20 -0.40 -0.40
60-72 -0.01 0.10 0.20
73-83 -1.60 -2.10 -2.20
Notes:
a/. All elasticities are at means; b/. Houthakker-Magee specification; 
c/. SUR estimates are in brackets; d/. Supply elasticity is for full period.
Table 4.48. Sri Lanka, Confidence Intervals for Income and Price Elasticities
in Selected Equations of the Direct Demand and Reduced Form Import
Demand Models.
Model & 
Variable
Perio'd Price E 
Lower 
L i mi t
lasticities 
Upper 
Limit
Income Elasticities 
Lower Upper 
Limit Limit
Direct Demand Models:
1.2 PM 1960-83 -0.75 0.65
IR 1960-72 -5.29 -1.12
1973-83 -8.86 6.85
1.3 IR 1960-72 -5.23 -1.21
1973-83 -8.65 6.64
1.4 PM 1960-83 -0.77 0.67
IR 1960-72 -5.50 -0.91
1973-83 -9.66 7.65
Reduced IForm Models:
3.3 RPC 1960-72 -3.03 -0.57
1973-83 -3.39 1.76
IR 1960-72 -0.001 2.94
1973-83 -4.63 5.03
3.4 RPC 1960-72 -3.06 -0.35
1973-83 -3.92 1.97
IR 1960-72 -0.96 2.56
1973-83 -0.03 0.04
3.6 RPC 1960-72 -3.41 -0.39
1973-83 -4.29 2.61
IR 1960-72 -0.91 2.94
1973-83 -5.23 8.05
Notes:
a/ 90% confidence intervals by two tailed t test.
Table 4.49. Sri Lanka, Measures of Forecasting Efficiency of Different Models
Model R2 between 
predicted & 
observed
Mean absolute 
error
Thiel inequality 
coefficient
Direct I moort Demand Models:
1.1 0.536 90.51 0.750
1.2 0.660 76.89 0.626
1.3 0.660 77.12 0.627
1.4 0.661 77.18 0.627
1.5 0.624 84.93 0.677
Residual Import Demand Models:^-
2.1-2.4 0.547t0.564] 96.48[93.94] 0.763 [0.742]
2.1-2.5 0.62910.691] 87.43175.38] 0.671 £0.598]
2.2-2.4 0.651[0.696] 81.45[76.83] 0.662 [0.608]
2.2-2.5 0.68210.736] 75.57[67.41] 0.624[0.563]
2.3-2.4 0.651 £0.697] 80.66[89.86] 0.654 [0.607]
2.3-2.5 0.682 £0.736] 75.53167.54] 0.624[0.558]
Reduced Form Import Demand Models :
3.1 0.729 69.54 0.546
3.2 0.769 60.22 0.488
3.3 0.786 61.50 0.492
3.4 0.811 53.S9 0.466
3.5 0.786 61.49 0.492
3.6 0.816 51.94 0.450
Notes:
a/ Forecasting efficiency of seemingly unrelated regression models
are in brackets.
Table 4.50 Sri Lanka, Qualitative Measures of
Forecasting Efficiency in Selected Models.
Qualitative Measure Models
1.4 2.3-2.5 
(SUR)
3.6
Ratio of accurate forecasts(RAF) 0. 30 0. 31 0. 65
Ratio of worst forecasts(RWF) 0.30 0.17 0.04
Ratio of accurate to worst(RAWF) 1. 00 1.75 15. 00
Ratio of inaccurate Forecasts(RIF) 0.40 0.52 0.31
Bangladesh
Overview
Bangladesh was created out of the eastern sector of 
Pakistan in 1971. It is one of the most densely populated 
and poorest countries in the world. The domestic 
production of rice is not only unstable due to seasonal 
floods, but also has not been able to keep pace with the 
growth in demand. The low income strata in Bangladesh 
fall into the 'extreme poverty1 class, defined as the 
population whose caloric intake per day is less than 1720 
per capita. Rice is by far the most important food in the 
diet providing about 76 percent of the caloric 
intake(table 4.2).
Average rice imports to Bangladesh gradually 
declined in the last decade. The rice self-sufficiency 
ratio in 1977/79 was 97 percent. Food imports to 
Bangladesh are severely restricted due to foreign exchange 
constraints. The bulk of food imports comes on 
concessional terms. The U.S. is usually a major partner 
in these sales.
National Rice Policies
Rice, wheat, maize and millet are the major grains 
produced in Bangladesh but rice constitutes more than 90 
percent of the domestic grain production. Since 1971, 
when Bangladesh emerged from civil unrest and a war, the 
major objective of rice policy has been to achieve self­
sufficiency. This is not surprising for a country faced
with low consumption levels, constraints on imports due to
limited exchange reserves and high rates of population
growth. Supply of rice at 'affordable' prices is another
policy consideration. The level of food prices and its
fluctuations have severe effects on the predominantly poor
population. Often these changes are so explosive as to
lead to large scale violence.
Production and Marketing Policies
The two main policies designed to increase domestic
rice production are producer price supports and subsidies
on fertilizer. Other incentives include expansion of
irrigated areas, dissemination of high yielding seed
varieties and government extension programs. The
government operates a system of floor prices to guarantee
stable prices to the rice producers. When government
procurement prices are lower than open market prices the
government’s share of purchases in the domestic market is
low. The importance of the fertilizer subsidy in
government policy is summarized (IFPRI, March,1985):
..., with increasing volumes of fertilizer sales, up to 
27 percent of the public sector development budget for 
agriculture was used for the fertilizer subsidy by the 
mid 1970s. Recognizing that the use of fertilizers 
among farmers had been established, the government 
decided to gradually reduce the subsidy, and accordingly 
raised sales prices of fertilizers repeatedly during the 
1970s and early 1980s(p. xxi).
In evaluating the efficiency of price support
policies and fertilizer subsidy policies in Bangladesh,
the following observations were made by Ahmed(1979):
. .. , total social benefit is substantial and positive 
under both programs, but the net social benefits are 
negative for the price support programs. The low price 
elasticity of rice production, substitution of rice 
acreage for jute in a tight land supply situation and a 
high degree of self-sufficiency in fertilizers all 
contribute to the relative superiority of fertilizer 
subsidy policy over price support policy. , ....,
Fertilizer subsidy is more egalitarian than the price 
support policy(p. 67).
Rice Consumption Policies
The Bangladesh government augments available rice 
supplies in the market by selling imported and locally 
purchased rice through a public food distribution system. 
This distribution system caters more to the urban 
consumers however. Based on 1973/74 data two-thirds of 
all grains distributed by the government went to urban 
consumers which comprised only 9 percent of the 
population(Ahmed, 1979,p. 12) . Government policy was to 
increasingly distribute wheat on a ration partly because 
of its low price in the world markets and partly as a 
measure to keep domestic rice prices high by making less 
available in the market.
Foreign Trade and Stock Policies
All food grain imports to Bangladesh are controlled 
by the government. Because substantial quantities are 
imported as concessional sales, volumes of imports depend 
on the availability of food aid. Rice imports in
Bangladesh declined over time, but wheat imports 
increased. The Ministry of Food and Civil Supplies is 
responsible for implementing national stock policies for 
all grains. It is also engaged in the procurement of 
rough rice, rice distribution and taking measures to 
stabilize domestic market prices.
Empirical Results
Structural stability tests were not conducted for 
Bangladesh since data were available only for the period 
19 73-85. Three direct demand models(4.51) were
specified: equation 1.1 with price of imports, income,
foreign exchange reserves and the price of wheat flour as 
variables; lagged imports were added to the regression in 
1.2; and 1.3 is the previously discussed Houthakker-Magee 
specification. In all models the adjusted R2 was low and 
in 1.3 it was negative. Lagged imports are negatively 
related to current imports indicating the unstable nature 
of Bangladesh imports. Two major factors that influence 
rice import decisions in Bangladesh are weather related 
poor harvests and the availability of food aid from 
international donors. These factors could be influencing 
this unstable relationship.
In modeling rice import demand in Bangladesh the 
role of food aid may need to be incorporated. Seventy 
five percent of cereal imports made by Bangladesh between 
1976-78 were on concessional food aid terms and this share
was 64 percent in 1981 (Huddleston, p.78 and 81). The
effect of P.L. 480 on imports are noted by Ahmed(1979):
. .., Purchase on credit especially of grain under PL 
480, constitutes the largest import share. The unit 
real cost of wheat purchased on credit, including 
shipping, was from 59 to 68 percent of the cost of cash 
purchases from 1974-75; for rice, it ranged from 46 to 
69 percent of the cash cost(p. 11).
Therefore when imports were made under food aid programs 
the Bangladesh government gained by distribution on the 
ration, whilst it lost on cash imports and on distribution 
of locally purchased grains. The distribution of these 
imports was largely a revenue to the government rather 
than a cost. Under these circumstances direct demand 
models may not provide much useful information on import 
demand behavior.
The demand equations(table 4.52) provide relatively 
high adjusted R2 values and statistically significant 
estimates. In equation 2.1 price was negatively related 
to demand and was statistically significant. Income was 
positively related and statistically significant. 
Inclusion of population in the regression(2.2) improved 
the adjusted R 2 but resulted in less significant 
coefficient estimates and a negative relationship between 
demand and income. This may be due to problems of 
multicollinearity. In the supply equation(2.3) lagged 
production is negatively related to current production 
indicating the unstable nature of Bangladesh rice
harvests. The producer price ratio is negatively
related to the aggregate rice supply response. This 
result is consistent with the government policy of gradual 
increases in fertilizer prices in the late 1970s and early 
1980s. Further, as with food aid, fertilizers imported 
under loans and grants has become a mechanism for 
generation of public revenue. Thus even though the 
budgeting subsidy on fertilizers was accounted to be 25 
percent in 1983/84, the government received a surplus of 
a b o u t  218 m i l l i o n  T a k a  in t h a t  y e a r  fro m  
fertilizer(Ahmed, 1987, P.63).
The technology index was positive and statistically 
significant signifying the influence of irrigation and 
f ertilizer use on rice production. SUR model 
estimates(table 4.53) provided statistically more 
significant estimates.
The results of the reduced form models(4.54) were 
statistically significant and the adjusted R2 was low. In 
the light of poor statistical results in the regressions 
the degree of confidence that can be placed on elasticity 
estimates (tables 4.55 and 4.56) are limited. Import 
elasticity with respect to PM is in the inelastic range, 
but the real cost of rice imports to Bangladesh is less 
than this price because of grants and food aid. Cross 
elasticity of wheat is positive, but again, these 
relationships cannot be interpreted with any degree of
confidence.
Forecasting Efficiency of Models
In terms of quantitative measures, the Houthakker- 
Magee specification(I.3) in the direct demand models, 
provided the best forecasts (table 4.57). The reduced 
form models provided the next best forecasts and the 
residual models the least. Evaluation of three models for 
qualitative measures of forecasting efficiency are shown 
in table 4.58. The direct demand model with the 
Houththakker-Magee specification provided the best 
results.
Summary and Conclusions
Two main reasons were responsible for poor import 
demand estimates for Bangladesh from the standard models 
developed in this study. First the period of observation 
was short; second concessional food aid imports which 
dominate -Bangladesh food imports complicates import demand 
behavior. Considering the short period of observation, 
regressions provided satisfactory analyses for aggregate 
demand and supply functions.
Table 4.51. Bangladesh3^ , Estimated Coefficients in the
Direct Import Demand Models.
Variables
1.1 1.2 1.3b/
Dep. Var. IMP IMP IMP
Intercept 394.4 1083.2 735.2
(0.79) (1.76) (2.21)*
LIMP -0.71 -0.77
(1.76) (1.81)
PMULPM) -0.48 -0.93 -0.002
(0.70) (1.18) (1.14)
IRCLLIR> -1.06 -1.96 -0.008
(0.59) (0.85) (1.09)
EXC(LLEXC) 0.18 -0.33 0.0007
(0.26) (0.45) (0.37)
PWCLLPW) 1.30 0.97 0.009
(0.80) (0.51) (0.93)
Adj.R2 0.065 0.081 -0.058
D.U. Stat. 1.81 + 1.25+ 1.68+
F-Stat. e/ 0.82 0.87
Deg.Freedom 8 7 7
Notes: 1. Observation period 1973-85
2. Houthokker-Magee specification; 
retevant variables are in braces.
3. F-stat.not computed when adjusted 
for auto correlation.
4. Values in parentheses are absolute t ratios.
5. ***, **, *, Significant at 1%, 5%, and 10% 
respectively by two tailed t test.
6. ++, Hypothesis of no serial correlation is 
accepted at 5% level.
7. +, Hypothesis of no serial correlation is 
indeterminate at 5% Level.
Table 4.52. Bangladesh,0^  Coefficients of Demand and
Supply in the Residual Import Demand Models
Estimated by OLS.
Vari ables ---- Demand Models — - Supply 
Models
2.1 2.2 2.3
Dep.Var. QD QD QSM
Intercept 122.73
(6.58)
-822.3 12300
(0.41)
_ _  . ^ tAi 
(8.26)
RPC -0.36
**
(2.38)
[-0.17]
-0.004
(0.53)
[-0.002]
IR 20.86
(3.53)
[0.28]
-11.25
(1.87)*
[-0.15]
POP 191.80
(6.61)***
QSML -0.03
(0.22)
V -1085.7
(2.24)*
[-0.05]
TC 44.82
(5.75)***
[0.16]
Adj.R2 0.763 0.941 0.940
D.W. Stat. 1.69++ 2.22+ 2.Q3++
F-Stat. 20.27 b/ b /
Deg.Freedom 10 9 9
Notes: 1. a/ Observation period 1973-85
2. b/ F-Stat not estimated when corrected for 
Auto correlation.
3. Values in parentheses are absolute t ratios 
and elasticities at means are in brackets.
4. ***# **f significant at 1%, 5%, and 10%
respectively by two tailed t test.
5. ++, Hypothesis of no serial correlation is 
accepted at 5 %  level.
6. +, Hypothesis of no serial correlation is
indeterminate at 5% level.
Table 4.55. Bangladesh,8^  Coefficients of Demand and Supply
in the Residual Import Demand Model Estimated by Seemingly
Unrelated Regressions(SUR).
Variables System of Eauations
2.1 & 2.2 &
2.3 2.3
Demand:
Dep. Var. QD QD
Intercept 12874 1748
17.45)*** (0.57)
RPC -0.41 -0.10
(2.95)** (0.83)
t-0.20] [-0.05]
IR 19.71
(3.48)***
-6.38
(0.79)
10.26] [-0.09]
POP 159.43
(3.78)
Adj. R2 0.757 0.901
D.W. Stat. 1.66++ 2,59+
Su d d Iv :
Dep. Var. QSM QSM
Intercept 12612
(11.03)***
12702
(9.7B)***
QSML -0.03 -0.08
(0.31) (0.64)
V -1315.4 -984.6
(2.77)** (1.84)*
[-0.06] [-0.04]
7C 41.94
hlric
(5.79)
47.67
AA A
(5.75)
[0.15] [0.17]
Adj. R2 0.927 0.931
D.W.Stat. 2.68+ 2.46+
Deg.Freedom 9 9
Notes:
1. Observation period is 1973-85.
2. Values in parentheses are absolute t ratios and
elasticities at means are in brackets.
3. ***, **, *, significant at 1%, 5%, 10% respectively
by two tailed t test.
4. ++, hypothesis of no serial correlation is accepted at 
5% level.
5. + hypothesis of no serial correlation is indeterminate 
at 5% level.
Table 4.54 Bangladesh,Estimated Coefficients
in the Reduced Form Models.
Variables
3.1 3.2
Dep.Var. IMP IMP
Intercept 169.3 -3600.2
(0.14) (0.74)
RPC -0.02 -0,07
(0.23) (0.63)
IR 0.31 1.18
(0.05) (0.20)
POP 78.16
(0.80)
QSML -0.02 -0.20
(0.19) (0.79)
V 627.18 1085.1
(1.13) (1.32)
TC 3.47 -13.57
(0.50) (0.60)
Adj. R2 0.096 0.079
D.W.Stat. 2.3S+ 2.56+
F-Stat. b/ b/
Deg. Freedom 7 6
Notes:
a/ Observation priod 1973-85.
b/ F- stat. not computed when corrected for autocorrelation.
1. Values in parentheses are absolute t values.
2. ***, **, *, significant at 1%, 5%, 10% respectively 
by two tailed t test.
3. +, Hypothesis of no serial correlation is indeterminate 
at 5% level.
Table 4.55 Bangladesh, Estimated Elasticities0^  in Different Models.
Direct Models.
Elasticity 
uith respect 
to:
1.1 1.2 1.3b/
PM 73-85 -0.33 -0.65 -0.37
IR 73-85 -0.61 -1.13 -0.81
EXC 73-85 0.15 -0.29 0.17
PU 73-85 
Residual Models.0^
0.52 0.39 0.48
Elastic;ty Period 2.1 & 2.2 &
with respect 
to:
73-85 2.3 2.3
RPC
Reduced Form
73-85
Models.
-5.24115 .0] 1.971*0.563
Elasticity 
with respect 
to:
Period 3.1 3.2
RPC 73-85 -0.43 -1.51
IR 73-85 0.18 0.68
V 73-85 1.19 2.05
TC 73-85 0.52 2.04
Notes;
a/. All elasticities are at means, 
b/. Houthakker-Magee specification 
c/. SDR estimates are in brackets.
Table 4.56. Bangladesh, Confidence Intervals for Income and Price Elasticities
in Selected Equations of the Direct Demand and Reduced Form Import
Demand Models.
Model & Period Price Elasticities Income Elasticities 
Variable Lower Upper Lower Upper
Limit Limi t Limit Limit
Direct Demand Models:
1.1 PM 1973-85 -1.17 0.51
IR 1973-85 -2.47 1.23
1.2 PM 1973-85 -1.61 0.33
IR 1973-85 -3.48 1.22
1.3 LLPM 1973-85 -0.90 0.26
LLIR 1973-85 -2.00 1.30
Reduced Form Models:
3.1 RPC 1973-85 -3.79 2.95
IR 1973-85 -6.00 5.71
3.2 RPC 1973-85 -4.77 2.66
IR 1973-85 -5.27 6.61
Notes:
a/ 90% confidence intervals by two tailed t test.
Table 4.57. Bangladesh, Measures of Forecasting Efficiency of Different Models
O
Model R between Mean absolute Thiel inequality
predicted & error coefficient
observed
Direct Import Demand Models:
1.1 0.043 154.8 0.632
1.2 0.369 125.2 0.509
1.3 0.383 117.9 0.499
Residual Import Demand Models:^/.
2.1-2.3 0.00[0.0041 345.31321.2] 1.2911.20]
2.2-2.3 G.07[0.059] 274.81250.0] 0.88110.816]
Reduced Form Import Demand Models:
3.1 0.149 149.4 0.591
3.2 0.157 159.2 0.595
Notes:
a/ Forecasting efficiency of seemingly unrelated regression models 
are in brackets.
Table 4.58 Bangladesh, Qualitative Measures of
Forecasting Efficiency in Selected Models.
Qualitative Measure Models
1.3 2.2-2.3 
(SUR)
3.2
Ratio of accurate forecasts(RAF) 0.75 0.58 0.33
Ratio of worst forecasts(RWF) 0.17 0.33 0.33
Ratio of accurate to worst(RAWF) 4.50 1.75 1.00
Ratio of inaccurate Forecasts(RIF) 0.08 0.08 0.33
CHAPTER FIVE
CONCLUSIONS AND IMPLICATIONS
This study has investigated rice import demand for 
several major Asian nations using three model types: the 
direct demand, the residual demand and the reduced form 
import demand models. Asian countries are the dominant 
participants in the world rice economy. Since rice 
sectoral policies are very important to the overall 
economic development, government interventions are 
pervasive in the rice sector.
Price formation in the Asian rice markets are 
analyzed in two widely different ways. Development 
economists tend to analyze rice as a wage good in a two 
sector model where prices are decided in competitive 
markets. Commodity analysts treat rice as a political 
commodity whose prices are basically determined by 
government policies.
Structural Stability of Models
The three models with the highest adjusted R2, one 
from each model type was selected for each country for the 
evaluation and discussion of model performance in this 
section. Bangladesh was excluded from the discussion as 
the observation period was limited. The empirical
223
evidence in these equations support the structural 
instability hypothesis for rice import demand for all the 
countries analyzed.
In the direct import demand models (table 5.1), all 
six countries provided evidence of structural change in 
the demand for imports. In the residual models, except 
for the demand equation for India, all demand and supply 
equations (table 5.2) indicated structural instability. 
In the reduced form models, both demand and supply 
variables indicated significant instabilities for India 
and Indonesia but for the Republic of Korea (ROK) and 
Malaysia only the supply variables were unstable. For the 
Philippines and Sri Lanka the demand variables were 
unstable.
It may be possible to draw further inferences by 
analyzing the variables which indicated structural 
instabilities in different countries. Instabilities in 
the income relationship to imports was found in the direct 
demand models for the ROK, Malaysia and Sri Lanka.
For the ROK a positive relationship of income to 
imports in the first period turned out to be negative in 
the second period, probably indicating policy shifts in 
the 1970s to encourage domestic production. As the ROK 
was faced with hard currency shortages during this period 
higher production incentives were provided to substitute 
imports. The positive relationship of income to imports
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in Malaysia in the second period may be tied up with the 
recognition by the Malaysian government that it is 
inefficient to pursue a policy of complete self- 
sufficiency in rice for Malaysia. Consequently
substantial imports were allowed to meet the expanding 
demand associated with growth in income. In Sri Lanka 
income was negatively related in both periods indicating 
that domestic supply factors continued to dominate in the 
substitution of imports.
Exchange reserve instabilities were observed for 
India, Indonesia, Sri Lanka and the Philippines. Sri 
Lanka is the only country which displayed instabilities in 
both IR and EXC.
Instabilities in the price of the wheat flour 
variable was observed for Indonesia, Malaysia, Sri Lanka
and the Philippines. In the case of Indonesia and the
Philippines the wheat flour price relationship in the 
first period was that of a complement and in the second 
period, a substitute. Opposite relationships were
observed for Malaysia and Sri Lanka for the two periods
respectively. For India, the only country which produced 
wheat in substantial quantities, the wheat price 
relationship to rice imports was that of a complement.
The selected demand and supply equations (table 5.2) 
indicate that except for the demand equation for India all 
other equations were unconstrained models which included
structural dummies. The result for India is consistent 
with some other studies where it is observed that the 
aggregate demand for food did not undergo substantial 
changes in the 197 0s mainly because the real incomes of 
low income groups remained static during the period. The 
structural dummies for consumer prices and income were 
significant at the 10 percent level for the ROK, Malaysia 
and Sri Lanka, but not for Indonesia and the Philippines.
In the supply equations producer prices were 
negatively related to production in both periods in India, 
the ROK, and the Philippines. This indicates that the 
output-input price ratio in the rice sector was moving in 
an adverse manner to farmers. Producer prices were 
positively related to production in both periods in 
Indonesia and in Sri Lanka. In Malaysia it was positive 
only in the second period.
The technology index was positive for all countries 
in both periods, except for Indonesia in the first period. 
From these results it seems that Indonesia, Malaysia and 
Sri Lanka followed pricing and technology policies 
favorable to the rice sector, while India, the ROK and the 
Philippines provided technological incentives but 
decreased price incentives. The countries which provided 
both technological and price incentives imported 
relatively a higher share of their domestic requirements. 
Therefore, as Asian rice importers reach near self­
sufficiency, a general tendency to reduce price subsidies 
while continuing technological incentives in the rice 
sector was noticeable.
In the reduced form import demand models(table 5.3), 
for India and Indonesia both demand and supply variables 
were unconstrained; for the ROK and Malaysia only the 
supply variables were unconstrained; and for the 
Philippines and Sri Lanka only the demand variables were 
unconstrained.
Domestic consumer prices were negatively related to 
imports in India, Indonesia and in Sri Lanka. In the 
other countries it was positive but statistically not 
significant. Income was negatively related in India, 
Indonesia and in the Philippines. For Sri Lanka, the ROK 
and Malaysia it was positive indicating that import 
substitution was relatively slow in these countries.
The population variable was positive and significant 
for three countries. Lagged production was negative for 
all countries implying that rice imports closely depended 
on the performance of domestic production.
Producer price and technology indexes were 
negatively related to rice imports in Malaysia and Sri 
Lanka which did not have any close substitute crops in 
production and which imported relatively a large share of 
total rice consumption. For India the producer price was 
positively related in both periods but the technology
index was negative. Generally, the coefficients of the 
producer price and the technology index take opposite 
signs in the reduced form import demand model compared to 
that in the aggregate supply equations, again, indicating 
the importance of domestic supply in import demand.
Model Performance
The adjusted R2 • Qf direct import demand models 
varied from 0.910 for India to 0.338 for ROK. If the 
adjusted R2 is taken as the criterion the direct demand 
models provided the best results for India but not for 
other countries. In the residual demand models the 
adjusted R2 of the demand and supply equations were 
generally high. In terms of the adjusted R2 the SUR 
models indicated only marginal improvements. No model 
indicated serious problems of serial correlation except 
for the reduced form model for Indonesia.
The Theil inequality coefficient (5.4), indicated 
that the best imports forecasts for India was provided by 
the Houthakker-Magee specification, and for the 
Philippines equation 1.3, both direct demand models. 
Except for these in all other cases the reduced form 
models provided the best forecasts. The incorporation of 
domestic supply variables in a reduced form specification 
improved the forecasting efficiency of import demand 
models. The poor performance of the residual form models
indicate that although it is possible to estimate the 
demand and supply equations with a relatively high 
adjusted R^ f it may not be possible to obtain efficient 
estimates of rice import demand by simply subtracting the 
supply equation from the demand equation.
The ratio of accurate to worst forecasts (table 5.5) 
indicated that the reduced form models were better than 
the other two model types for all countries except India. 
The direct demand models were the next satisfactory 
models, and again, the residual models provided the lowest 
ratios in qualitative forecasts. For India, the direct 
demand model 1.5 performed better than the others. The 
Houthakker-Magee specification, providing better results, 
indicate that Indian rice import demand is responsive to 
import prices and that the demand behavior is better 
explained in a dynamic specification. This type of 
flexibility in import decisions may have been made 
possible because of the diversity of Indian agriculture 
and the relatively low importance of rice in the total 
agricultural sector.
Import elasticities of different models are given in 
table 5.6. In view of the poor performance of residual 
models the price elasticity estimates in these models may 
not be reliable. In the direct models, the elasticity of 
imports with respect to imported price of rice is in the 
elastic range for India and the Philippines and the
elasticity for Indonesia is close to one. These are 
countries wh i c h  had domestically produced close 
substitutes for rice. In India wheat is the competing 
crop in production, in the Philippines it was corn and in 
Indonesia it was corn and cassava. For Malaysia and Sri 
Lanka which did not have close substitutes in domestic 
production, the import demand was more price inelastic. 
For the Republic of Korea the price elasticity was 
positive, probably suggesting that the entry of ROK as an 
importer into the limited Japonica rice market tends to 
cause world rice prices to increase.
Income elasticities in the direct demand and 
residual models are subject to wide variations. A direct 
comparison of income elasticities is possible in the case 
of Sri Lanka where income elasticities are available for 
both periods. Income elasticities were negative for Sri 
Lanka in the direct demand models but they were positive 
in the reduced form models. Thus, the inclusion of 
domestic supply variables led to significant differences 
in results. Producer price elasticities were negative 
with respect to imports in Malaysia and in Sri Lanka which 
were large importers of rice. Technology index 
elasticities were negative for India, Malaysia, the 
Philippines and for Sri Lanka. Most of the elasticity 
estimates of supply variables are in the elastic range 
indicating that changes in supply variables were
responsive to changes in import demand.
Implications
The effect of various food policies on rice import 
decisions in the Asian countries were unmistakably strong. 
In all countries studied rice imports were a government 
monopoly. Rice imports were a part of an overall food 
policy where governments pursued policies to control rice 
supply and consumption not only through pricing policies 
in the rice sector, but also through controlling relative 
prices of other staples as well. Further, because the 
rice sector was predominantly large in many of these 
countries, conditions in the macroeconomy such as 
expansionary and recessionary tendencies and the 
performance of the export sector influence rice import 
decisions. Rice policies in turn influence the 
macroeconomic variables. Therefore detailed analyses 
under a general equilibrium framework may provide more 
insights on the interactions of these aspects.
With most Asian countries reaching near self- 
sufficiency in rice, a gradual shift away from subsidizing 
input-output prices was noticeable. Technology incentives 
continued unabated however, probably because it helps 
rural development and income distribution objectives. 
With these developments it is likely that the rate of rice 
production may grow at a slower rate in the future. 
Increases in rice production may slow firstly because of
lower price incentives and secondly because Asian 
countries are progressively reaching the outer limits of 
the production frontier in terms of suitable land and 
technological developments.
It is likely that consumer prices of rice will 
increase due to increased production costs and the 
withdrawal of subsidies. In the long run more rice 
imports are likely in some of these countries but the 
relative price of wheat may be a strong determinant on the 
volumes of rice imports. With the consumer preferences 
between wheat and rice becoming more flexible, wheat may 
be a close substitute in consumption and rice imports than 
previously thought.
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Table 5.1 Estimated Coefficients in the Selected Direct Demand Models for Various 
Countries.
 ...... -.......   Country and Model ------ --------- ------------------
India Indonesia Rep. of Korea Malaysia Philippines Sri Lanka
Variables (1.5)a/ (1.3) (1.3) (1.5)a/ (1-3) (1.2)
Dep. Var. IMP IMP IMP IMP IMP IMP
Intercept 759.7 4438.7 2040.2 255.1 712.4 738.7
(3.68)*** (6.69)*** (3.17)*** (2-08)* (3.00) *** (2.62)**
LIMP 0.25 -0.08
(1.55) (0.35)
PM [LLPM] -0.007 -2.82 0.18 -0.005 -0.10 -0.77
(3.63)*** (1.75) (0.08) (0.32) (0.12) (1.14)
IR [LLIR] 0.0005 -0.11 0.10 -0.0000005 -0.06 -2.37
(2.01)* (4.62)*** (2.50)** (2.37)** (2.61)** (1-78)*
DIRILLDIR] -0.15 -0.000001 0.05
(3.38)*** (3.47)*** (2.34)**
EXCELLEXC) -0.0004 2.91 0.54 -0.00005 -2.85 0.90
(3.89)*** (3.40)*** (1.59) (1.84)* (1.54) (2.54)**
OEXCELLDEXC] 0.0005 -2.44 2.73 -0.97
(3.89)*** (2.95)** (1.45) (2.58)**
PWELLPW) -0.011 -26.92 16.11 0.059 20.67 -4.61
(3.68)*** (4.45)*** (2.07)* (2.78)** (2-08)* (1.16)
DPW ELLDPUJ 28.52 -D.065 -21.14 5.74
(5.63)*** (2.71)** (2.20)** (1.97)*
Adj R2 0.910 0.727 0.338 0.469 0.512 0.535
D.W. Stat. 2.02++ 1.53+ 2.34+ 2.12)++ 2.53++ 2.07++
F-Stat. 39.88 9.41 3.25 3.78 4.45 5.61
Deg. Freedom 17 13 17 15 16 18
Notes:
1. a/ Houthakker-Magee specification; relevant variables 
are in braces.
2. Values in parentheses are absolute t ratios.
3. ***, **, *, significant at 1%, 5%, and 10% respectively 
by two-tailed t test.
4. ++, Hypothesis of no serial correlation is accepted at 
5% level.
5. ■*-, Hypothesis of no serial correlation is indeterminate 
at 5% level.
Table 5.2 Estimated Coefficients of Selected Demand and Supply Equations for Various Countries
Variables 1I*>Juuujikiy anu nuucib
India Indonesia Rep. of Korea Malaysia Phi IiDbines Sri Lanka
(1.2) (2.1) (2.3) (2-5) (2,3) (2.5) (2.2) (2.5) (2.3) (2.5) (2.2) (2-5)
Dep.Var. QD QSM QD QSM QD QSM QD QSM QD QSM QD QSM
Intercept 3906.2 51243 -15125 3746.4 9677.8 2457.2 1309.4 585.0 -799.6 1143.0 980.4 177.2
(0.39)
*** _ ** _  *** * ***
(0.97)
*** ***
(5.87) (2.57) (3.55) (1.78) (4.93) (5.0) (1.17) (2.94) (5.27) (1.34)
RPC A.52 
(1.44)
-5.80
(1.14)
-2.04
(0.78)
-0.88
(2.69)
-0.25
(1.27)
-0.152
(2.01)*
DRPC 8.86
(1.43)
8.21
(1.87)*
1.01
(5.32)
0.07
(0.49)
0.151
(2.26)**
IR 30.78 0.21 0.36 0.05 -4.34 0.036
-  * „ 4 ** - - *  *** ***
(8.78) (2.08) (2.14) (6.48) (0.88) (3.41)
DIR -0.10
(1.57)
-0.30
(2.02)*
-0.04
(5.39)***
-1.71
(0.60)
-0.027
(2.52)**
POP 215.82 -289.5 162.38
(4.03) (1.35) (5.21)
QSML -0.32 0.61 0.34
**
0.22 0.69 0.26
(1.48) (5.78) (2.35) (1.08) (4.74) (1.67)
V -29950 9699.5 -1034. 5 -0.08 -1523.2 210.6
(1.97)* (3.05) (0.88) (0.13) (2.56)** (1.13)
DV 23974 -7703.4 -3570. 6 0.34 1199.2 -186.3
(2.02)* (2.31)** (2.31)
**
(0.94) (2-29)** (1.04)
TC 16.99 -6.80 1.61 4.47 6.92 7.96
(3.53) (1.80) (1.18) (2.74) (2.47)** (2.58)**
DTC C -8.21 10.00 5.16 **
-3.82 -3.08 4.21
(1.75)* (2.54)** (2.35) (1.81)* (1.43) (1-41)
Adj. R2 0.730 0.771 0.991 0.987 0.811 0.825 0.861 0.888 0.953 0.975 0.773 0.902
D.W.Stat. 2.32++ 2.29+ 2.51 + 2.50+ 2.24* 2.42* 1.41* 2.06*+ 2.30* 2.27* 2.26* 2.15+
F-Stat. a/ 16.45 396.9 284.9 a/ 21.81 35.0 36.0 a/ a/ 20.59 43.43
Deg. Freedom 21 18 14 14 17 17 18 17 19 19 19 18
Notes continued next page.
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Notes:
1. a/ F-statistic not computed when corrected for autocorrelation.
2. Values in parentheses are absolute t ratios.
3. ***, **, *, Significant at 1%, 5% and 10% respectively by two-tailed t test. 
4- ++i Hypothesis of no serial correlation is accepted at 5% level.
5. +, Hypothesis of no serial correlation is indeterminate at 5% level.
Table 5.3 Estimated Coefficients of Selected Reduced Form Demand
Models for Various Countries.
Variables
Country and 
R. Korea 
3.2
India
3.6
Indonesia
3.6
nsuci
Malaysia
3.2
Phi Iippines 
3.5
Sri Lanka 
3,3
Dep. Var. IMP IMP IMP IMP IMP IMP
Intercept -5549.1 -18173 865.6 1571.1 -1534.5 1231.5
(1.95)* (3.34)*** (0.80) (2.58)** (2.35)** (5.85)***
RPC -0.29 -3.41 0.28 -0.13 -0.01 -0.20
(0.50) (1.51) (0.14) (0.39) (0.07) (2.50)**
DRPC -1.72 -2.64 0.03 0.16
(2.AS)** (1.10) (0.28) (2.02)*
1R -4.95 -0.17 0.05 0.001 -10.74 0.026
(2.39)** (2.40)** (2.17)** (0.08) (2.69)** (1.49)
DIR 2.56 -0.14 0.01 -0.025
(1.18) (1.83) (0.006) (1.84)*
POP 24.73 232.01 99.78
(3.44)*** (4.44)*** (2.95)***
QSML -0.02 -0.43 -0.87 -0.18 -0.05 -0.36
(1-42) (4.60)*** (3.96)*** (0.86) (0.24) (1.80)*
V 71.45 -2907.6 2595.9 -0.97 673.6 -288.5
(0.07) (1.49) (1.98)* (1.75)* (1.19) (1.91)*
DV 4546.7 7865.9 -1529.0 0.48
(2.15)* (3.87)*** (0.91) (1.38)
TC -1.76 1.97 0.52 -0.13 -3.59 -3.24
(2.13)* (1.20) (0.34) (0.08) (1.21) (0.97)
DTC -0.32 1.88 0.79 -1.31
(0.47) (0.89) (0.33) (0.58)
Adj R2 0.821 0.889 0.582 0.405 0.503 0.692
D.U. Stat. 1.96++ 3.03 1.69+ 2.17tt 2.10++ 2-19++
F-Stat. 11.56 a/ 5.37 3.14 4.04 8.38
Deg.Freedom 13 9 15 15 16 16
Notes:
1. a/ F-stat. not computed when corrected for autocorrelation.
2. Values in parentheses are absolute t ratios.
3. ***, **, *, Significant at 1%, 5%, and 105£ respectively 
by two-tailed t test.
4. ++, hypothesis of no serial correlation is accepted at 
5% level.
5. +, Hypothesis of no serial correlation is indeterminate 
at 5% level.
Table 5.4 Measures of Forecasting Efficiency of selected Models -
Various Countries.
Model
0
R between 
predicted & 
observed
Mean absolute 
error
Theil inequality 
coefficient
Direct tflioort Demand Models:
India (1.5) 0.934 109.3 0.545
Indonesia (1.3) 0.813 215.0 0.447
R.Korea (1.3) 0.489 278.1 0.624
Malaysia (1.5) 0.638 52.2 0.592
Philippines (1.3) 0.651 92.6 0.567
Sri Lanka (1.2) 0.660 76.9 0.626
Residual Imoort Demand Models:
India COLS,2.1-25) 0.021 1923.4 9.272
Indonesia (0LS,2.3-25) 0.436 453.2 0.920
R. Korea (OLS,2.3-25) 0.428 280.5 0.696
Malaysia (OLS,2.2-25) 0.347 73.1 0.820
Philippines (OLS,2.3-25) 0.400 147.2 0.940
Sri Lanka (OLS,2.2-25) 0.682 75.6 0.624
Reduced Form Models:
India (3.6) 0.899 119.8 0.677
Indonesia (3.6) 0.908 156.0 0.326
R. Korea (3.2) 0.715 239.0 0.463
Malaysia (3.2) 0.594 55.0 0.607
Philippines (3.5) 0.669 82.7 0.5B1
Sri Lanka (3.3) 0.786 61.5 0.492
Table 5.5 Qualitative Measure of Forecasting efficiency for selected
models in Various Countries.
Qualitative Heasure
RAF RWF RAWF RIF
India (1.3) 0.52
(1.5) 0.65
(3.6) 0.48
Indonesia
(1.4) 0.90
C2.3-2.4(SUR>] 0.37
(3.6) 0.58
Rep. of Korea
(1.4) 0.41
[2.3-25(SUR)I 0.59
(3.6) 0.64
Malaysia
(1-5) 0.59
[2.3-25(SUR>] 0.27
(3.6) 0.50
The Philippines
(1.4) 0.63
£2.3-2.4(QLS)] 0.54
(3.6) 0.63
Sri Lanka
(1.4) 0.30
(2.3-25(SUR)l 0.31
(3.6) 0.65
0.17 3.00 0.31
0.09 7.50 0.26
0.09 5.50 0.43
0.05 17-00 0.05
0.21 1.75 0.42
0.00 - 0.42
0.05 9.00 0.54
0.14 4.33 0.27
0.00 - 0.36
0.09 6.50 0.32
0.18 1.50 0.55
0.00 - 0.50
0.04 15.00 0.33
0.04 13.00 0.42
0.04 15.00 0.33
0.30 1.00 0.40
0.17 1.75 0.52
0.04 15.00 0.31
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Table 5.6 Estimated Elasticities for Selected Models of Various Countries.
Elasticity
with
respect to:
Period8^
Countries and 
Malaysia 
(1.5)b/,
India
(1.5)b/
Indonesia
(1.3)
R.Korea 
(1.3) .
noaeis 
Phi Iippines 
(1.3)
Sri Lanka 
(1.2)
Direct Demand Models
PMCLLPM) 3 -1.70 -0.81 0.11 -0.10 -1.44 -0.05
IRULIR) 1 1.30 3.10 -0.40 -3.20
2 -2.90 2.60 -1.10
3 -3.45 -3.92
E X C U L E X O 1 -0.40 0.80 0.92 -0.40
2 1.45 -4.68 -0.10
3 1.62 -0.70
PWCLLPVO 1 -3.57 0.90 -1.61 3.10
2 0.17 -0.50 7.74 -0.30
3 -0.90 5.00
Residual Form Models.
Model(OLS) 2.1-2.5 2.3-2.5 2.3-2.5 2.3-2.5 2.3-2.5 2.2-2.5
RPC 1 24.7 -6.8 -0.5 0.4 -1.7 -1.7
2 -0.5 -1.0 4.4 -18.3 -3.7
Reduced Form Models
Model No. 3.6 3.6 3.2 3.2 3.5 3.3
RPC 1 -1.0 -1.36 -0.21 -1.80
2 -0.97 2.59 -0.80
3 0.30 -0.40
IR 1 0.04 -1.34 5.40 -2.10
2 2.57 1.90 -2.10
3 1.87 -0.50
TC 1 -1.30 0.77 0.60 -0.02
2 3.32 1.80 -1.30
3 -3.00 -0.40
a/ Period 1 refers to observation period ending with 1972; Period 2 is from 1973 to 
ending observation; Period 3 is for full observation period, 
b/ llouthakker- Magee speciafication; variables are in braces.
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APPENDIX I: VARIABLE NOTATIONS
IMP
PM
IR
DIR
PW
EXC
LIMP
LLIMP
QD
Annual rice imports in looo metric tons.
Average annual cif value of rice imports in US 
dollars per metric ton.
Real Gross National Product in 1980 prices in 
millions of local currency.
A multiplicative dummy created for real income 
in the second period. D=0 for the first 
observation period (generally between 1960 and 
1972), and D=1 for the second observation 
period (generally between 1973 and 1985). 
Similar multiplicative variables are created 
for the other variables as well.
Average annual cif value of imported wheat 
flour in US dollars per metric ton.
Foreign exchange reserves in millions of US 
dollars.
Annual rice imports lagged by one year.
Annual rice imports of the current year 
multiplied by the value of the lagged 
observation. Other v a riables in the 
Houthakker-Magee specification are created in a 
similar manner.
Quantity demanded or the aggregate rice 
consumption in 1000 metric tons (QD=QSM+IMP).
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QSM
QSML
RPC
POP
V
TC
F
continued.
Domestic production of paddy in 1000 metric ton 
rice equivalents.
Qsm lagged by one year.
Domestic real retail price of a metric ton of 
rice in local currency.
Population in millions.
Ratio of farmgate price of paddy and the price 
of nitrogen from urea in local currency. 
Percentage of irrigated rice acereage times the 
total amount of fertilizer annually used in the 
country.
Total fertilizer consumption in the country in 
1000 metric tons.
APPENDIX II: DATA USED IN THE STUDY
Appendiix II: India.
YEAR IMP PK I CPI
3999 295.1 94 339.5 25.4
3960 098.7 94 149.5 25.7
3961 607.7 314 358.8 26.2
3962 684.9 339 369.9 26.9
3963 617.3 138 395.4 27.7
3964 717.2 143 229.0 31.5
3965 3030.2 173 239.5 34.3
3966 969.0 360 274.3 38.2
3967 738.7 200 320.4 43.3
3968 755.2 179 330.2 44.6
3969 767.0 184 365.8 45.4
3970 555.6 138 399.8 47.7
3971 523.8 356 430.7 49.2
3972 286.1 380 475.6 51.8
3973 246.3 298 586.2 61.0
3974 68.4 362 693.0 77.9
3975 226.4 276 738.3 82.3
3976 376.7 273 799.7 75.9
3977 94.4 370 896.2 82.3
3978 -35.0 400 975.9 84.4
3979 -239.6 392 3077.0 89.7
3980 -560.8 400 3277.5 300.0
3981 -675.5 451 1476.8 333.0
3982 -589.1 456 3644.0 321.9
3983 335.1 321 3930.7 336.3
PU QS EXC POP PP
80 47390 833 439.61 392
77 44733 670 429.02 379
80 53494 665 439.00 385
81 49826 512 451.01 325
74 55497 606 4GB. 03 387
80 58962 497 472.33 486
73 45983 co a 482.71 590
78 45657 606 493.39 652
80 56438 661 504.34 827
79 59642 678 515.60 731
80 60645 924 527.38 633
74 63338 3001 539.08 ©6
82 64302 3393 551.23 754
79 59000 3142 563.53 896
333 66077 3071 575.89 1333
360 60380 3251 588.301496
396 70600 3293 600.76 3363
388 63062 2997 613.27 1314
194 79094 5107 625.82 3148
202 79000 6688 638.39 3321
330 63476 7716 650.98 3321
309 79930 7228 663.60 3390
226 82000 4941 676.22 1406
203 70772 4549 736.88 1492
220 90048 5152 730.98 3614
PF PC s IRR F
3620 613 2500 0.36 305
3£B0 628 2500 ' 0.37 240
3610 608 2500 0.37 338
3550 612 2500 0.37 452
3340 714 2500 0.37 544
3340 778 4000 0.37 773
1400 789 6500 0.37 785
1560 1010 6500 0.38 3301
2000 3357 4500 0.38 3635
2080 3223 5500 0.37 1761
2400 3244 5700 0.38 1982
2050 3263 5000 0.38 2256
2035 1268 6000 0.37 2383
2066 1408 5650 0.39 2539
2329 1708 4100 0.38 2535
3488 2228 5000 0.39 2660
4200 2358 3214 0.39 2509
3849 1726 3849 0.38 3379
3571 1833 5000 0.40 4079
3370 1755 8000 0.43 4531
3397 3838 33000 0.43 5005
3828 2350 7000 0.41 5231
4730 2272 6500 0.42 5724
5130 2492 5000 0.43 5866
4873 2095 3500 0.43 6627
N>
cn
Appendix II: Data, Malaysia.
YEAR IMP PH I
2959 535.4 226 5316
2960 577.8 220 6767
2961 403.4 224 6465
2962 389.9 237 6879
2963 467.6 233 7320
2964 499.9 223 7826
2965 351.8 223 8582
2966 248.3 141 9226
2967 383.5 171 9630
1968 314.1 232 10006
2969 320.0 142 12295
2970 362.1 125 22800
2971 247.9 99 22592
2972 251.3 129 23842
2973 284.2 279 28064
2974 339.3 438 22861
2975 294.8 431 21606
2976 284.6 295 26988
2977 283.3 253 32064
2978 423.5 332 36186
2979 238.1 357 44354
2980 267.4 355 51390
2981 340.0 406 55602
2982 392.6 351 59090
CPI PW as EXC
51.5 82.6 602 333
51.5 82.7 903 356
51.4 68.6 2021 349
51.4 70.1 2235 379
53.0 70.4 2288 394
52.8 74.5 1203 424
52.8 71.5 2256 470
53.3 71.5 2234 494
55.7 73.6 1294 457
55.6 69.8 1433 516
55.7 64.3 2597 620
56.4 65.6 1678 664
57.3 71.8 2809 828
59.2 72.2 2908 970
65.4 203.0 2967 1345
76.8 211.4 2093 2618
80.2 283.3 2005 2524
82.3 254.6 1995 2472
86.2 225.7 1893 2858
90.5 236.7 2590 3329
93.7 170.5 2095 4013
200.0 204.1 2171 4491
209.7 211.1 2147 4293
226.1 283.5 2832 3850
POP PP PC
7.87 480 463
8.21 480 463
8.33 480 463
8.57 480 463
8.81 480 463
9.01 513 463
9.24 513 463
9.47 513 479
9.71 546 579
9.94 546 602
20.25 546 579
20.39 546 562
10.70 579 562
21.00 661 562
11.31 827 694
11.65 2257 926
11.90 2230 926
22.30 2230 926
22.58 1030 920
22.91 2020 960
23.45 2010 970
13.76 2020 970
14.20 2070 990
14.46 1070 2010
s IRR F
254 0.44 36
254 0.45 38
279 0.45 42
229 0.46 45
345 0.46 44
356 0.47 52
254 0.47 63
102 0.49 80
202 0.5L 82
252 0.53 89
203 0.55 126
305 0.58 265
254 0.60 171
102 0.60 214
122 0.64- 267
251 0.66 226
134 0.68 248
171 0.09 299
225 0.70 320
296 0.73 369
392 0.74 435
357 0.74 453
408 0.74 400
421 0.78 443
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Appendix II: Data, Indonesia.
YEAR I HP PH CPI PU OS EXC POP
1966 306.0 127 311 2.500 82 13650 23 107.8
1967 346.6 150 838 6.600 81 13222 6 110.6
1968 707.1 198 2068 15.200 80 14858 87 113.5
1969 604.6 189 2683 17.600 80 15553 122 116.5
1970 956.1 161 3290 19.700 67 19204 160 119.5
1971 508.5 236 3605 20.600 72 20058 187 122.5
1972 734.3 211 4405 21.900 90 19447 557 125.6
1973 1862.7 205 6508 28.800 92 21500 807 128.8
1974 1132.1 330 10201 40.400 111 22732 1492 132.0
1975 692.6 471 12087 48.100 95 23100 586 135.7
1976 1301.2 346 15037 57.600 79 23301 1499 133.5
1977 1973.4 344 18332 64.000 61 23356 2516 136.6
1978 1841.6 321 21854 69.200 104 25739 2663 139.8
1979 1922.0 310 30541 84.400 124 26283 4167 143.0
1980 2001.7 343 43435 100.000 112 29774 6500 146.4
1981 538.3 383 56197 112.200 109 33000 6076 149.4
1982 309.6 333 60496 122.900 102 33584 4196 153.0
1983 1168.8 329 70338 137.400 192 35303 4814 156.5
1984 414.3 319 83369 151.700 192 38136 5720 159.9
1985 40.0 280 92389 158.900 197 38660 5880 163.4
PP PF
3 56
8 62
21 69
18 69
22 59
21 61
25 58
38 72
42 133
51 178
82 156
84 156
80 174
103 151
113 152
120 152
120 196
145 196
165 196
175 216
S F
176 142
151 124
496 271
262 176
S30 237
531 227
168 451
579 484
847 499
625 489
541 493
512 615
1185 763
815 856
1750 1173
2252 1454
1758 1531
1642 1513
2768 1573
2700 1633
PC
6
17
48
38
44
40
46
71
76
94
109
116
120
134
186
212
212
256
291
309
253
Appendix II: Data, The Republic of Korea.
YEAR IMP PM I
1961 -3.4 82 294
3962 -59.7 153 356
1963 132.6 150 503
3964 -33.2 330 716
1965 -35.8 200 806
1966 -IS .9 263 3037
3967 339.0 179 1281
1968 246.8 175 1653
1969 631.1 391 2155
1970 769.5 189 2736
3971 1007.4 149 3375
1972 750.2 137 4154
1973 307.5 251 5379
1974 359.1 426 7503
1975 499.0 409 10065
1976 178.4 262 33818
1977 26.1 219 17729
1978 -40.0 328 23937
1979 241.3 287 30741
1980 899.3 365 36672
3981 2585.3 436 45126
3982 309.5 426 50725
1983 200.0 268 58986
CPI PW as EXC
6.6 71 4679 207.0
7.0 71 4074 168.6
8.4 74 5079 131.5
10.9 96 5344 336.4
12.3 76 4867 146.6
13.8 91 5448 245.2
15.3 75 5008 356.5
17.0 77 4442 391.1
19.1 70 5688 552.9
22.2 67 5476 609.7
25.2 69 5556 437.0
28.1 69 5472 527.0
29.0 140 5854 889.4
36.1 224 6178 281.9
45.2 393 6485 786.0
52.1 154 7249 1974.7
57.4 140 8340 2973.6
65.7 143 8058 2793.6
77.7 176 7881 2989.8
300.0 196 5311 2955.7
121.3 207 7002 2733.9
330.1 179 7308 2838.2
334.5 ISO 7608 2377.7
POP pp PF PC s IRR F
25.42 32 34 23 39 0.99 316
26.35 15 34 24 26 0.60 335
26.90 16 34 38 26 0.59 346
27.68 25 34 46 5 0.57 361
28.33 31 60 44 27 0.57 337
28.96 29 60 46 62 0.59 423
30.13 31 51 50 1 0.60 487
30.84 34 51 58 40 0.65 479
31.54 40 59 72 30 0.81 535
32.24 49 59 80 73 0.85 565
32.88 55 66 300 4 0.85 598
33.51 69 85 135 613 0.86 648
34.10 88 93 135 731 0.88 757
34.69 92 101 387 488 0.87 848
35.28 133 140 253 735 0.87 865
35.85 368 266 303 906 0.89 643
36.41 203 266 324 3£J76 0.91 736
36.97 224 266 343 1238 0.91 871
37.53 263 265 438 752 0.94 851
38.12 358 292 574 682 0.95 803
38.72 407 466 811 1495 0.96 769
39.33 421 531 839 1423 0.96 614
39.93 432 521 860 3511 0.96 718
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Appendix II: Data, The Philippines.
YEAR IHP PH I
3959 6.50 330.8 32.94
3960 0.01 314.3 33.83
3961 387.80 339.3 35.16
3962 -0.04 352.8 17.03
3963 256.00 351.3 39.79
3964 298.80 335.7 21.38
3965 559.50 335.5 23.38
3966 308.20 327.5 25.74
3967 289.80 145.7 28.73
3968 -36.70 201.6 31.79
3969 -0.60 386.9 35.01
3970 -1.20 144.0 41.75
3971 370.40 84.6 49.60
3972 451.20 76.8 55.53
3973 333.00 332.8 72.39
3974 366.30 236.8 99.86
3975 334.80 277.2 314.44
3976 55.40 233.0 334.20
3977 36.00 354.4 353.20
3978 -48.00 367.5 177.02
3979 -365.60 334.2 238.03
3980 -263.40 433.7 264.53
3981 -94.80 482.8 303.64
3982 -0.30 293.4 335.44
3983 -40.40 276.8 378.75
3984 389.70 223.1 527.36
CPI PW os EXC
14.0 66.7 3739 94
14.8 69.7 3668 327
35.4 68.8 3910 54
15.9 70.1 3967 85
17.2 65.9 3843 309
38.7 67.0 3992 323
39.3 66.5 4073 393
20.2 61.9 4094 394
21.4 67.4 4561 380
21.8 60.5 4445 161
22.1 6L.7 5233 321
25.5 87.1 5343 251
30.9 62.8 5100 376
33.5 64.3 4971 551
39.0 97.4 5594 3038
52.3 362.5 5660 1504
56.0 383.0 6512 3359
61.0 360.7 6461 3642
67.1 320.9 6895 3524
72.0 168.1 6907 3881
84.6 150.7 7504 2436
300.0 389.3 7840 3140
133.8 389.2 7720 2707
324.6 170.8 7731 2543
337.1 168.9 7841 864
206.2 171.6 8200 890
POP pp PF PC S IRR F
26.58 ISO 511 390 398 0.31 53
27.41 200 630 430 398 0.30 85
28.37 230 740 470 338 0.31 78
29.21 220 850 440 267 0.32 305
29.94 270 970 520 325 0.30 93
30.84 310 3080 640 630 0.30 88
31.77 300 3090 630 683 0.31 100
32.73 340 3070 750 905 0.44 65
33.71 350 1040 840 823 0.41 307
34.73 330 980 730 475 0.45 338
35.77 340 980 750 798 0.43 149
36.85 360 3240 800 620 0.47 209
37.90 550 3360 3080 654 0.41 209
38.99 610 3290 1150 401 0.38 393
40.32 790 3540 1510 792 0.43 259
41.30 890 2770 3980 868 0.40 285
42.07 920 4020 3900 733 0.42 227
43.41 960 3490 2030 793 0.42 269
44.58 3000 3280 2100 1364 0.43 261
45.79 980 3700 2100 1498 0.43 332
47.04 3005 4020 2360 3638 0.46 342
48.32 1080 4690 2380 3373 0.45 334
49.54 1230 5060 2660 1472 0.49 320
50.78 3304 5200 2940 3300 0.54 340
52.06 1399 5368 3154 917 0.50 340
53.35 2383 8951 4922 956 0.55 360
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Appendix II: Data, Sri Lanka.
YEAR IMP PH i
1959 583.5 102 6325
1960 528.1 96 6640
1961 469.0 97 6648
1962 410.7 100 6960
1963 402.9 100 7282
1964 658.0 104 7775
1965 642.0 101 8013
1966 683.2 111 8334
1967 354.7 122 9018
1968 360.9 155 10540
1969 308.7 140 11624
1970 544.6 111 12746
1971 339.2 111 12798
1972 266.4 £7 14042
1973 343.5 123 16784
1974 297.4 363 21482
1975 465.3 326 23619
1976 377.9 200 25704
1977 538.8 201 31256
1978 163.7 255 39045
1979 211.6 267 52291
1980 208.5 221 67230
1981 154.6 301 84540
1982 111.7 253 100258
1983 176.8 224 120979
CPI PW QS EXC
33.1 100 759 143
32.5 60 737 101
32.9 61 923 90
33.4 a 1029 85
34.2 65 1046 75
35.3 66 1074 52
35.3 69 764 73
35.3 71 981 43
36.1 66 1158 55
38.2 71 1360 52
41.0 74 1376 40
43.4 74 1616 43
44.6 78 1396 50
47.4 78 1315 59
52.0 123 1312 87
58.4 225 1603 78
62.3 233 1154 57
63.1 175 1253 92
63.8 136 1677 293
71.6 157 1992 407
79.3 161 1917 535
100.0 198 2133 262
117.9 162 2020 341
130.7 179 2156 364
149.0 165 2484 308
POP PP PF PC s IRR F
9.62 553 1530 1309 55 0.31 58
9.90 553 1200 1244 55 0.30 60
10.14 547 620 1277 55 0.31 65
10.38 532 612 1309 55 0.32 74
10.65 510 635 1325 55 0.30 71
10.90 508 755 1374 55 0.30 66
11.16 539 926 1341 55 0.31 78
11.44 530 879 1277 55 0.44 84
11.70 655 879 1762 55 0.41 86
11.99 735 943 1891 55 0.45 112
12.25 729 886 1923 55 0.43 82
12.52 710 886 1907 246 0.47 94
12.61 693 886 1858 176 0.41 112
12.86 711 965 2133 106 0.38 100
13.09 710 1174 2956 70 0.43 111
13.28 1280 2288 5000 90 0.40 102
13.50 1999 4402 3593 96 0.42 72
13.72 1789 2190 3297 66 0.42 95
13.94 1683 3850 3176 266 0.43 112
14.19 1947 2900 3516 250 0.43 136
14.47 2000 2133 3835 169 0.46 146
14.74 2531 4652 4710 103 0.45 165
14.99 3085 4652 6250 96 0.49 147
15.19 3189 6054 6560 139 0.54 156
15.42 3292 6196 6570 234 0.55 162
ro
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Appendix 11: Data, Bangladesh.
YEAR IMP
1973 391.0
1974 596.7
1975 200.0
1976 417.2
1977 101.9
1978 317.8
1979 36.4
1980 538.1
1981 84.3
1982 243.7
1983 316.0
1984 167.0
1985 741.0
PH I
76.0 45.11
304.3 71.09
400.0 125.74
256.9 107.46
302.0 105.36
230.1 146.37
225.0 172.82
223.7 179.99
168.2 233.26
212.9 265.14
136.9 288.42
229.4 349.92
115.3 416.96
CPI PW
36.1 139.8
55.9 228.8
69.4 150.0
62.8 135.5
69.3 89.4
78.4 66.0
88.3 113.1
100.0 110.7
113.2 195.7
123.7 125.7
143.0 95.0
158.1 126.4
175.0 83.8
os EXC
17863 143.2
16930 138.2
18463 148.3
17628 288.9
19441 235.0
18898 316.4
19599 402.0
20822 321.1
20000 155.3
21322 207.1
21751 541.6
21930 406.7
21900 349.4
POP PP PF PC s IRR F
74.37 1515 2099 2790 165 0.12 182
77.03 3234 2650 5150 143 0.13 129
78.96 1953 2936 6340 456 0.12 215
80.82 1739 3379 3579 136 0.10 243
82.72 2190 3326 4387 350 0.12 341
84.66 2540 4001 4966 102 0.12 356
86.64 3269 5147 6913 320 0.12 407
88.66 2605 6056 6204 696 0.12 417
90.63 3436 7278 7613 338 0.13 400
92.62 3995 8622 8296 300 0.13 468
94.65 3458 8622 7181 90 0.14 545
96.93 4033 8026 8375 466 0.14 564
98.66 4659 8433 9675 268 0.15 584
toui■o
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